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INSTRUCTION FORMATS 
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6-bit instruction codes (i parcel) 
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X register designators 
for ODerand source 
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K = 20 bit constant 



F = Instruction code 

n = 6-oit constant 

J = X register designator 
for operand source 
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F = Instruction cod< 



] »k = x register designators 

for operano source 
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8000 INSTRUCTION CODES 



( j0 jj 00 Program error exit 

m 

wUOi 01 Logical product of (Xj) and (Xk) to XJ 

0J02 02 Logical sum of (XJ) plus (XK) to XJ 

0003 03 Logical difference of (XJ) minus (Xk) to XJ 



ClOCK 

perioos 



0010 Oh Copy (XK) to XJ 



0011 05 Copy complement of (XK) to XJ 

0012 06 sniff (XJ) left by (XK) op right if (XK) is negative 



0013 07 



Shift (XJ) right oy (XK) or left if (XK) is negativ. 



j0 0020 08 Floating OP sum of (XJ) plus (XK) to XJ 

I 

f 0021 09 Floating DP difference of (XJ) minus (XK) to XJ 

f 

y 0022 QA Floating divide of (Xj) by (Xk) to XJ 



0023 08 

i 

I 




Population count of (XK) to XJ 



0030 0C Floating DP product of (XJ) times (XK) to XJ 

0031 0D Integer product of (XJ) times (Xk) to XJ 



UQSd 0L Program error exit 



UU33 or 



Pjss 



* u 
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8/3 



6/3 



Cfc 
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ClOCK O 



o 

dioits/nex. periods 

O 0100 10 Transmit K to X) 2 

r 

O uiOi 11 Transmit complement K to X] 2 

O 0102 12 Integer sum of (XJ) plus K to XJ 3 

© 0103 13 Integer difference of (XJ) minus k to XJ 3 



0110 It* UnoacK coefficient of (XJ) to XK 2 
O 

0111 15 Unpack exponent of (XJ ) to XK 2 
3 

0112 16 PacK coefficient Xk and exoonent XJ to Xk 2 


0113 17 Integer difference - (Xk) to XJ 3 

0120 18 Begin system call [MTF] 1 

a 

0121 19 End system call [MTF] 1 

O 

0122 1A Block read input channel (XJ) to address (Xk) [MTF] 

3 

0123 IB Block write output channel (XJ ) from adar. (Xk) [MTF] 



•a 



& 



3 0130 1C Read channel request to XJ [MTF] t+ © 

I 

S 0131 10 Enter XA from Xk [MTF] 1 O 

3 0U2 IE Program error exit O 

''"'■* IF Pronran. err-cr exit ** 



f* 1-2 



jjj 20 Store (XJ) data into memory at address K 
C231 21 Store (XJ) data into memory at adJress (X«) 
0202 22 Read/storei data at addr. < to X) / (XJ) to addr. K 



c lo-. - 
Perioa -, 



15 + 



0203 23 Read/store: data at addr.(Xk) to XJ / (Xj) to addr.(Xk) 15 + 



& 



0210 2<» Read data at address K to XJ 



0211 25 Read data at address (XK) to XJ 



0212 26 Read program at absolute address K to XJ 



0213 27 Read program at absolute address (XK) to XJ 



15 + 
15 + 
15 + 
15 + 



c 

& U220 28 



Read program at aosoJute address P + K to XJ 



15 + 



0221 29 Transmit P ♦ K to XJ 



0222 2A Transmit K to XJ 



• 0223 28 Transmit XA to XJ 



0230 2C Set interlock flags from Xk (IPF) 



0231 20 Clear interlock flags from Xk (IPF) 



0232 2E Read interlock register to XJ 
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» O 
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Reaa internal cIock to XJ 
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\0 dibits/hex. 

I 

0J00 30 Jump to P + K 



f% 






0301 31 Set (XJ) = P ana call subroutine at P ♦ K 



0302 32 Jjmp to P + K if (XJ) in -ange 



0303 33 Jump to P + K if (XJ) not in range 



c locK 
periods 

7-18 + 

7-18 + 

3-7-18+ 

3-7-18+ 



O 



0310 3k Jump to P + K if (XJ) is equal to zero 



0311 35 Jump to P ♦ K if (XJ) is not equal to zero 



0312 36 Jump to P ♦ K if (XJ) is positive 



0313 37 Jump to P + K if (XJ) is negative 



3-7-18+ 
3-7-18+ 
3-7-18+ 
3-7-18+ 



O 0320 38 



Set (XJ) = P and call suproutine at K 



O 0321 39 Set (XJ) = P and call subroutine at (X«) 



7-18 + 



7-13+ & 



O 0322 3A Set (XJ) = P S. call lib, routine at adar. < [clear PRFJ 18 + 
P 0323 3B Set (XJ) = P & call lib. -out. at addr. (X*) {clear PRFJ 18+ 

! 



0330 3C Subroutine exit to (XJ) + K 



U 



7-16 + 



0331 30 Library exit to (XJ > + k loit 62 of XJ tset/clear PRFJ 18+ 



3 -*2 3E Jump to K 



7-18 + 



•'■ ' uchange exit 
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:„.;* <»Q Save lower (XJ) fop n oits 



^1 



.cix <♦<♦ 3la*iK lower (XJ) for n bits 



cIock 
Periods 



10^X <»8 Leff shift (XJ) by n bits 







103X <»C Right shift (XJ) by n bits 



) 11XX 5x 



Integer sum of (XJ ) plus K to Xi 



I 



12XX 6x Integer sum of (XJ) p| JS (Xk) to Xi 

13XX 7x Integer difference of (XJ) minus (XK) to Xi 



rXX 8x 

i 

21XX 9x 



I 22XX Ax 



Floating sum of (XJ ) plus (XK) to Xi 
Floating difference of (XJ ) minus (Xk) to Xi 
Floating product of (XJ) times (XK) to Xi 



i 23XX Bx Branch bacKward i words if (XJ) < (XK) 



a 

i 

i 



30XX Cx 

31XX Ox 

iZKK Ex 

3 3 X X F x 

o 



Read data at address (XJ) + K to Xi 



Read data at address (xj ) + XK to Xi 



Store data at adaress (XJ) + k from Xi 
Store data at address (XJ) + (x«> from Xi 
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INTRODUCTION 







, ... -)->jO system is a multi-processor system with four 8000 processors 
dfy -^j a common 256K 6^-oit *ord memory (figure 2-1). The processors 
( -tunicate with an I/O station, maintenance control unit (MCU) , bulk 
, -<-o-y, and dis* files througn the coumon menory via sixteen independent 
:/. channels. The I/O station (typically a 6000 station configuration 
3 ~ a 7000 1/0 station ) handles all 1/0 operations. 

Each of the four 6000 processors is an independent confutation unit 
including arithmetic units, sixteen 6^-oit operating registers, and 
a twelve word instruction stack (figjre 2-2). Part 1 of this manual 
lists the instruction repertoire for the 8U0O processors, and Part 3 
provides descriptive information for each instruction. Each processor 
executes programs or program segments stored in the common memory upon 
command or assignment by the operating system software or programs 

!!II!l 1 2J«» nder t *?? 1 " ntroJ of tne operating system. The 8600 operating 
system software will be described in a separate manual. 







8600 System Parameters 

8000 Processor Unit (13 modules) 

- 6<*-bit internal word 

- binary computation in fixed point 

- twelve word instruction stack 

- synchronous internal logic with 8 



and floating point format 
nanosecond clock period 



select memory (&t»-bit wo**ds) 



Memory (67 modules) 

- 256K words of linear 

- &*♦ independent banks 

- <*Q96 words per bank 

- 250? nanosecond read/write cycle time 

- 8 nanosecond per word maximum transfer rate 

I/O Section (7 modules) 

- 16 channels 

- each channel full duplex 

- <fQ? nanosecond per 6<*-bit word maximum transfer rate 
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The 86 
capaci 
| mul ti- 
I expect 
i 7600 s 



> The 86 

| There 

| m p m o r y 

i <J 



00 system is the result of a development program to provide computing 

ty substantially beyond that of the 7600 systems. By using ^J purina 

/ d 0C iVV^ cap ; bl, JJl« of the 8500, computation in the 8600 is 

ed to average ten times as fast as corresponding computation in the 

ystem. The 8600 is not machine code compatible with 7600 system^ 

00 is physically pacKaged in 125 pluggable moaules (6" x Q" x 2 b") 
are lj modules in each of the four 8000 processors, 67 modules n ne 
. and <♦ 1/0 modules. In the manual sections nnlch f o I Ion, tne s 
ion will pe described in terns of nooule functions wnen pracUcIole^ 
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* F loat ing divide 

* Population count 
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* Initial shift 
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MEM0RY<- - - - 6<» 
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REGISTER 
MODULES 

bits 
RA 0-15 



R3 



RC 



16-31 ] 
SZ-h7 ] 



RO 
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FLOATING 
MULTIPLY 

MODULES 
MA 



MB 



] 
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MC 
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16 X registers 

Shift 

Boo I ean 

MasK 

PacK/UnoacK 

Long add 

PPR register 



see 

*»8-63 1 Fig. 
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WORD 
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see 






£ 


ADDRESS ] 
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STACK 


] 


Figs. 
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NODULE 
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MODULE ] 
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* 12 word IWS 

* RA aoder 

* P register 



Fig. 2-2 
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* Instr.addr.stacK 

* P register 

* CIW register 

* IPT register 
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aooo PROCESSOR 



„ nitruction Word StacK s> Instruction Addr e « 



P 



ss Stack Modules (figs. 2-3, z-l>) 

', insfpuctio^wopd stack (IWS) contains twelve 6^-oit registers which 




><* 



It may be necessary in program code to occasionally complete a st-hit in 
«-*-. *• . insirucTion in the fourth oarcpi of an !i%- 

k~-.~»i~ * *. • »in*=» as iieuessary Tor branch entry points becau^o a 

branch instruction destination address must begin with a new word"? 

Program instruction words in memory and the IWS are divided into four «6- 
oarcl 5 i Ca,,ed , P f rCe ' S - An 800 ° instruction may occupy e r r f 

th. k designator is J^lTlZl a^bi 'ope an Tc^e PaleTo^r ' 
information on instruction word formats). 9 ° f ° r 
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Instruction Combinations in Mem 
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£ Shift Control ] 
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bits 
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bits 08-19 / 
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20-bit 
Storage Address Register 
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• XA bits 05-12 
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XA counter 
bits 00-G<t 
IA module 
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Rc'yiitc^ Modules (figure 2-5) 



X registers 
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Trie 
dcs 
tac 
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cl e 



X registers are the operating registers for each 600J processor. They 

individually designated in this .lanual by di-oit symbols XGd thru X3J. 
se registers are each 6*+ bits in length 3nd serve as operand source and 
tination registers, operand address registers* and indexing registers, 
h register is a clear/enter type register with gated clock pulse cont- 
• Data will remain in an X register until a control condition generated 
the X register access control unit specifically gates a clocK pulse to 
ar the aata and enter new data. At most one X register can be cleared 
ta r ed *i t h— tve*~d-aia at the end of any given clocK period. 



Com.nunicat ion between the X registers and the arithmetic networks involves 
a substantial merging of 6^-bit data oaths and distrioution of 6^-bit data 
paths. Almost every arithmetic network has at least one data path to the X 
registers and one data oath from tne X registers. The floating point mod- 
ules have multiple 6^-bit paths. Tr\e merging and distribution functions 
are performed in 6<»-bit static networks oreceeding and following the X reg- 
isters. 
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« 



I X register] 

[ access ] 

kt [ control J 
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X RilS£KVAT ION FLAGS 

There Is a reservation flag for each of the sixteen X registers in an 8000 
^>cessor. Wnon s«t, the flags remain set until specifically cleared. 

an3 clear conditions can never botn exist in the same clocK period. 
I X reservation flags are forced clear on dead start. 



cl 
al 

av 



en the instruction parcel translator (IPT) issues an instruction parcel 
ich designates an X register as the destination register, the reservation 
ag for that register is set. This flag prevents suosequeit instructions 
ofl reading the contents of the X register until Ten data nas been trans- 
tted to the register. The contents of an X register is always read one 
■g.CK jjMJLkSJL. &.tSr«Jkr&lLil£ ? i-P-flL-i ssu e i therefore the reservation flag is 
eared 1 clocK period oefore new data is transmitted to the register to 
low subsequent instructions to read the new data as soon as it is 
ai laol e. 



Examp I el 

l<— CPO 



— >!<-- 



CPi 



--> |<-- 



OP'd 



-->!<-. 



CP3 



— >l 



I Instr issue, etc. I Read XSQ, etc. I New data to XiO ] 
t Set XSQ flag I Clear XJO flag I ] 



Instruction A 



f*S 



i Instr issue, etc. I Read X30, etc. 
t Set X12 flag I Clear X12 flag 
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RA,R8»RC,RQ modules 
„ X4- register 
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RA,RB,RC,RO nodules 
Xk register 
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XJ input 
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complement ->[ XK inpjt J 

£ reyister J 
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E Pre-add Shift Network ] 
£ tno 96-oit operand registers J 
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£ Significant 3it Position ] 
£ determination ] 
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9S-bi t 
Norma I ize Shift 
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£ Single ] 
£ Precision Result ] 
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Xi register 

RA f R3,RC, RD modules 



£ Ooub I e ] 
£ Precision Resu I t ] 

I 
I 

v 
XJ register 
RA f RB,RC,RQ modules 
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XJ register 
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RA,RB,RC,RD modules 

Xk register 
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exponent 
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exponent 
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coef f icient 
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XJ XK 
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C form J 
t result] 
(sign 1 



£ XJ bits 0-i»7 J [ Xk 32-*73 C Xk 16-311 I Xk 0-15 J 

J — ComoJ-anuinJ- J I compU J £ compl. 1 I compl. ] 

£ if neg. 3 £ if neg. J t if neg. ] [ if neg. ] 
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I I I 

3rd pass 2ia pass 1st pass 
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logical products 
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C 2nd level add ] 
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[ XJ 3 
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£ compl • 3 
[ i f neg. 3 



l Xk 3 
I <*d-52 3 
£ compl. 3 
£ i f neg. 3 



I 
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£ 3rd level add ] 
£ of bit products ] 
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£ XJ exo.t Xk exp. ] £ 95 oit coefficient result register 
t ♦ « if DP 3 £ (left snift 1 for F=> normalize) 
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n exponent 
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8600 MEMORY 

-""" or,.mi23tion of tne 8630 memory is sno.n in figure 2-10 on 

J r"''^!rnV tL rl° raj * dddre3Ses arrive at the storoje cdcross 
.;., ( n;: J , , tn r e oMor e iJv 0^ to'rage"* St ° ra9C aCC " S "^-' < SAC > -It 



c <- 



access requests when two requests 



.r ^nult.neously. SAC also controls the entry of addresses Into 
! L™ I'i' S ' the SAC Stops instruction issue until the conflicts 



r.3v* oeen resolved. 



Tne storage word stacK (SWS) is a buffer area for 5i»-oit data words 
which are to oe written into memory. rdS 



Tne 6 V memory o^nK modules provide 
with a total capacity of 256K words 
fc^-bit word is aauressed separately. 



a linear selection type core memory 
of 6V-oit length (K = 102*»). tach 



„.' IU 4 * dUJreSifccl separately. The memory is arranged in 6t banks 
tone bank per memory bank module) of kK words /act, pLk !L! • °a™s 
independent of the other 63 banks. 3Ch &anK 1S 
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niodu t es 
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modu I es 



***m*im~~mMjamm*u+attatimmt i 



IQ module 
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P3 IW 20--> 
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go write 
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module stack 
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6«*-bi t 
SWS RANKS 



6<* 
bi ts 



from 
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•~-->Eselect ] 
C ranK ]»« 
E PO 3 
Go enter* *•>£ ]-« 



O 



>E 


A 


] 


>t 


a 
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Pi [ rank ] >E 
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Go enter ->f 



]--->£ 



&t» bits 

from I/O --->£ J >£ 

Go enter >E ] 
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>Eselect3 

( ranK 3--->E 
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Go enter ->C 3- — >t 
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from 
P3 
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>[select3 
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£ select ] 
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E merge 3\ 

-->£ 1 \ 



Go exit 



3 >£ 
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j. >( select 

E and 
3— -->£ merge 
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-/ A I 

3 Go exit v 
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£ merge 3 
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a a \ 



£ 6<f-bit 3 
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£ select 3 

3 >E and 3 

£ merge 3 

3 >£ 3 
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Go exit 



— >£ exit 3 — > MM 
£register3 modules 



3 >£ 3 / 

£ select 3/ 

3 >£ and 3 

£ merge 3 
3 >£ 3 
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Go exit 
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Go 
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merge 
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£ DATA S, 
£ AOORESS 

>£ FAN-IN 

/ t MODULE 
/ £IQ 



— 20-bit -> SA 
address module 



CHANNEL 
MQQULES 
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t £ 3 data 

£ £IP Ch 00-03 3< 

( x 

£IP Ch 10-13 3 \ 
20 

bits 
begin, 
address 



b<* bits data 
& 20 bits address 
/ 
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/ 
/ 

- / £ DATA FAN-0UT3 

3/ £ PARITY CHK ]<- 68-bit -- MM 

3 bh £ RTC MOOULE 3 read module 

]< bits [ ] 
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I 

tIP Ch 20-23 3 



£IR 



3— «»x20 — > IW 

modules 



IP Ch 30-33 3 



I 
12 

I 
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I 
I 
I 
12 
I 
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£ 3 Xk beginning 
£ 1/0 CONTROL 3 address 
£ MOOULE 3<-- ^x20 OB 

C 3 modules 

£10 J 



External 

I/O 
Station 



£ PAR. ADD. REG. 3 
[INTERLOCK REG] 
I MASTER CL0CK3 
£ MOOULE 1 
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EXCHANGE PACKAGES 



An exchange pacKage consists of sixteen 6^-bit data 
one b<t-bit exchonge parameter word XPW. The RA and 
parameter word specify storage increments of 
,es exchange package location with the lowest 



/%nge \ 

( t'Cifi. 



raode condition 



RA 



XA 



FL 



words (XOW) and 
FL fields in the ex- 
255 word units. XA 
order 5 bits removed. 



( k I 



20 



8 1 12 18 1 12 I 

Exchange Parameter Word 

^—T^e~^x-e*»«nge--p«e^e^e--r«si'«les--in low storage addresses at address multiples 

of 32. The X register data words XOW appear first in memory followed 

by the exchange parameter word XPW. The 15 locations following an 

* exchange package can be used for system functions related to the exchange 
package. 



,C 



><% 









memory 





C 
£ 
£ 
E 
£ 
£ 






32 


c 
c 

£ 
t 


XOW 


(16 words) ] 




XPW 


(1 word) 1 




E 

c 






6<i 


c 
E 
c 
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XOW 


(16 words) J 




XPW 


(1 word) ] 




E 

[ 






96 


E 
[ 

I 

£ 


XOW 


(16 words) ] 




XPW 





-'^ '^change sequence moves the exchange parameter word first, followed by 
" H register data and the other registers in order. The exchange 
' " ' ' " t or wora 
• * •"* f or one 
1 im the register modules. 



U 



data and the other registers in order. The exchange 
(XPW) for the arriving exchange pacKaje goes into the X0 
o clocrt period. It later moves into a holding register 

1 n i «£ t ar* mnHiiloc. 
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,|* n<32> C 

i m J 

£^ ♦ 2 £ 

'* + 3 £ 

♦ k t 

♦ 5 £ 

♦ 6 [ 

♦ 7 £ 

♦ 8 £ 

♦ 9 t 

♦ 10 £ 

♦ 11 £ 

♦ 12 £ 

♦ 13 £ 
+ 1<» * £ 

* J U5 £ 






♦16 £ mode I cond. I 

I- I — 

63 60 59 52 51 



RA 



X00 
X01 
X02 
X03 
X10 
Xll 
X12 
X13 
X20 
X21 
X22 
X23 
X30 
X31 
X32 
X33 
I XA I 



FL 



<t0 39 32 31 



1— . 

20 19 



bit 
63 



62 



61 



i' N 



\^J > 






X s 
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MODE FLAGS 

MTF - monitor flag 
al I ows I/O, 
prevents interrupt 






PRF - program reference flag 
adds RA to 
program address 

IPF - inter locK f lag 

a I I ohs access to 
inter I ocK register 

HVF - FP interrupt 

interrupts on FP 
overt lorf/indef inite 



bit 

59 

58 

57 

56 

55 

5k 

53 

52 



EXCHANGE PACKAGE 
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CONDITION FLAGS 
Object program call 
I/O channel request 
Time interval 
System cai I 
Data field limit 
Program field limit 
Program error exit 
Overflow / indefinite 









I/O CHANNEL REQUEST 

A channel request mechanism Is common to all I/O channels. This mechanism 
J>i-kdc t ivat ed by an input RF. The channel number is encoded and presented 
v 'Jll processors over a t»-bit channel request path. 

The channel request mechanism scans the processors for a processor with no 
monitor flag, When one is found* the channel request flag is set in the 
processor parameter register PPR. 

This causes an exchange exit to a monitor program which can read the object 
program parameter word and determine the cause of the exit. The monitor 
^Mt^a3CMm.JCBn.,Jlxan^r£A^tJrLB^JkriJDLl channe I number from the channel request 
path. The reading process advances the channel request mechanism to the * 
next channel request, if any. 

The monitor program uses the '♦-bit channel number for a table lookup to * 
, determine the mode of the requesting channel. If the request can be sat- 
isfied by the monitor program, the interrupted object program is resumed. 
If a new program must be initiated, the monitor program updates the running ^ 
time for Ihe terminated program and exchanges to a new XA. 
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FLOATING POINT AKITMMETIC 

Floating point arithmetic calculations are peforrned in the 8000 processors 

using a packed 6<t-bit format for number representation. This format rep- 

^ £"V entS a si3r,ea binap V integer coefficient times two with a signed binary 

J ffeger exponent. The coefficient field contains £»9 Dits and the exponent 

V*eld 1A bits. The remaining bit is used to indicate an out-of-range con- 

* di Ugru 



J 



coefficient 



out-of-range 
flag 
I 
I 

v 
1-1- 



I 



sign >Jllil 

I - 1 - 1 



exponent 
I 
v 



63 62 61 



l*t 



I 



^8 k7 



integer 
coef f icient 
I 



<*8 







P 



Floating point format 

The coefficient field in the floating point format is not contiguous. The 
sign of the coefficient occupies the highest order bit position in the 6^- 
bit word. The remainder of the coefficient resides in the lowest order kd 
bit positions. If the exponent field and the error flag are replaced with 
copies of the sign bit (as Lr\ the unpack instruction 0110) the resulting 
format is the normal integer representation. 

t 

i..e exponent field in the floating point format occupies the bit positions 

2**^8 througn 2**61. This field represents exponent values ranging from 
2**(-13) to 2**1+13). The bits in the exponent field in the packed floating 
point format consist of the bits in the integer exponent (in ones complement 
form) with the highest order bit complemented. The complementing of the 
highest order exponent bit results in a format which represents the floating 
point numbers in such a way that their increasing values are also 
monotonica I ly Increasing when viewed as 6*f-bit Integers. As a result of 
this property, comparison tests of two floating point quantities can be done 
in the integer adder rather than in the slower floating point adder. 
Floating point quantities with negative coefficients are packed with tne 
exponent field complemented in order to preserve the above relationship f 
negative nunoers. 



'or 



G 



Q 



€» 



Bit position 2**62 in the floating point format contains the out-of-range 
flag. This flag is set when the exponent in a floating point calculation 
exceeds 2*M+13) or if the result is indefinite. This flag is considered 
set when the values of the two highest order bits in the floating point 
format disagree. Further floating point operations in which this flag 
appears set in one of the operands results in aborting the normal sequence 
and generating a result with the out-of-range flag set. 

Floating point calculations which underflow the exponent range are aborted 
and the result replaced with a word of all zero Bits. 
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WARY ARITHMETIC 

* Binary arithmetic in the 8000 processors is performed in a modified ones 
complement additive mode. The sum of two binary numbers in a normal ones 
complement additive mode is defined by the recursive Boolean expressions 

* below* 



.41 ••(W.lt- •.«A«4«M» 



^ Let m = number of bit positions in adder ^ 

A(i) = addend bit i 

B(i) = ajgend bit i 
% Cli) = carry into bit position i * 

S(i) = sum bit i 

* Where i = Q,l,2»3 t <», • .. ,m-i *• 

Then C(i+1) = A ( i) .and.BC i) .or.B ( i) .and.C( i) .or.Ct i) .and. A(i ) 

* C(0) = C(m> * 
S(i) = A (i ) ,and..not.B(i) .and. .not.C( i) .or. 

B(i).and..not.C(i).and..not.A<i).or. 
C(i).and..not.A(i).and«.not.B(i).or. 
A(i).and.B(i) .and.C(i) 

V.e modification to the above mode consists of replacing a resulting sum 
of all one bits with a result of all zero bits. An fiQQO processor adder 
"* therefore has only one form of zero as a resjlting sum. 

Subtraction is performed by complementing the subtrahend and adding to the 
"* minuend. 
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Part 3 
INSTRUCTION DESCRIPTIONS 
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8000 INSTRUCTION CODES 



0000 



I OS 



0010 
0011 
0012 
0013 



0020 
0021 
0022 
0023 



0030 
0031 
0032 
0033 



0100 
0101 
0102 

<'""*- -i ■» 
<( *3 

0110 
0111 
0112 
0113 



0120 
0121 
0122 
0123 



0130 
0131 
0132 
0133 



Program 
Logica I 
Logica I 
Logical 



error exit 
XJ * Xh to 
XJ ♦ Xk to 
XJ - XK to 



XJ 
XJ 
XJ 



Copy xk to xj 
Complement XK to XJ 
Shift XJ left by XK 
Shift XJ right by XK 



XK 


to 


XJ 


XK 


to 


XJ 


to 


XJ 




XJ 







Floating DP XJ + 
Floating DP X] - 
Floating XJ / XK 
Population XK to 



Floating DP XJ * XK to XJ 
Integer XJ * XK to XJ 
Program error exit 
Pass 



Transmit K to XJ 
Transmit -k to XJ 
Integer XJ 4- K to XJ 
Integer Xj - k to XJ 



Unpack coefficient XJ to XK 
UnpacK exponent XJ to XK 
PacK Xk * 2 ** XJ to Xk 
Integer - XK to XJ 



Begin system cal I CMTF3 
End system cal I tHTFJ 
Channel XJ to (Xk) IMTF] 
Channel XJ from (Xk) IMTF] 



Channe I 
Load XA 
Program 

Program 



request to XJ 
from Xk (KTF1 
error exit 
error exit 



IMTF) 



0220 


Read 


program (P ♦ K) to XJ 


0221 


Tran: 


smit P + K to XJ 


0222 


Transmit K to XJ 


0223 


Transmit XA to XJ 


0230 


Set ; 


IP f lags from Xk (IPF) 


0231 


Clear IP flags from Xk (IPF) 


0232 


Read 


IP flags to XJ 


0233 


Read 


internal clock to XJ 


0300 


Jump 


to P + K 


0301 


Cal 1 


subroutine at P + K 


0302 


Jump 


to P + K if XJ in range 


0303 


Jjmp 


to P + K if XJ error 


0310 


Jump 


to P ♦ K if XJ is zero 


0311 


Jump 


to P + K if XJ not zero 


0312 


Jump 


to P ♦ K if XJ positive 


0313 


Jump 


to P + K if XJ negative 


0320 


Cal 1 


subroutine at K 


0321 


Cal 1 


subroutine at Xk 


0322 


Cal 1 


libr. routine at K [cJ PRF] 


0323 


Cal i 


libr. routine at Xk Cc 1 PRF] 


0330 


Subroutine exit to XJ + K 


0331 


Lib. 


exit to XJ * k tset/cl PRF] 


0332 


Jjmp 


to K 


0333 


Exchange exit 


100X 


Save 


lower XJ for n bits 


101X 


Bl ank 


lower XJ for n bits 


102X 


Left 


shift XJ by n bits 


103X 


Right 


shift XJ by n bits 


11XX 


Integer XJ ♦ K to Xi 


12XX 


Integer XJ + Xk to X J. 


13XX 


Integer XJ - Xk to Xi 



G200 

CC Di 

- . r , n 



Store Jota (K) from XJ 
Store Jjfa (Xk) from XJ 
Head/store data (K) and XJ 
■vood/store Udta. (Ak) anj XJ 



JO aata {<) to XJ 
'•'J d-ita UK) to X) 

11 : • r t i r i : , ( ,< ) to X j 
• I urogram <XK) to XJ 



20XX Floating XJ + Xk to 

21XX Floating XJ - Xk to 

22XX Floating XJ * Xk to 

23XX Jjmp to P - i if XJ 



Xi 

xi 
Xi 

< Xk 



3-0 



30XX Read data (XJ + 

31XX Read data (XJ + 

3 2 XX iter,? o a t i ( X J t 

3oXX Store data (XJ + 



<) to Xi 

XK) to Xi 
<) from < i 
XK) from Xi 



o 



! 



1. 



NOTES 



The following pages of instruction descriptions 
are numbered with the instruction codes shown in 
the box in the upper right corner of each page. 
The instruction codes are shown in quaternary or 
dibit notation and parenthetically in hexidecimal 
notation. 



1 .1 . 



£ 0331 ] 
I 3 
t (30) ] 

8-bit 
Instruction 
code 



C 103X ] 
t J 
t (kC) J 

6-bit 
Instruction 
code 



t 23XX J 
I J 

[ (Bx) ] 

*»-bit 
Instruction 
code 



„..2* ... This section makes extensive use of abbreviations 
and special terms which are listed in the 
Appendix A together with a reference to 
where each terra is defined. 



index in 
the page 



Parenthesis are used to indicate the contents of a 
register* e.g., <xj) indicates the contents of the 
X register specified by the J designator. 



; 



o 



3-1 






a 



I QOQQxxxx I Program error exit 



C 0000 ] 
C ] 
t (00) ] 



P 



This instruction format is treated as an error condition and, if executed* 
Hill set the program error exit flag in the exchange parameter word. This 

"* condition flag will then cause an exchange Jump to address (XA). In this 
case all instructions which have issued prior to this instruction will be 
run to completion. Any instructions following this instruction in the 

> -»€tH a f*-ef>4 — i-fV94-fH»e-H- on" , i t foyd« i < fi M i l < «no *--fre- executed^ When all operands have 
arrived at the operating registers as a result of previously issued 
instructions, an exchange Jump will occur to the exchange package 
designated by (XA) • 

"" The J and K designators in this instruction are ignored. The program 

address stored in the exchange package on the terminating exchange Jump is 
advanced one count from the address of the current instruction word. This 
is true no matter which parcel of the current instruction word contains 
the program error exit instruction. 

This instruction format is not intended for use in normal program code. 
The program error exit flag is set in the exchange parameter word to 
indicate that the program has Jumped to an area of memory which may be in 
tv^nge out is not valid program code. This should occur when an incorrectly 
I bed program Jumps into an unused area of the memory field or into a data 
fie Id. 4 ..... ,. ^ ,,, 



< ) 



| r I ujaijjKK T Logical product of {XJ ) and (XK) to Xj 



[ 


0001 


} 


£ 




] 


[ 


(01) 


J 



rp 

« f ft iL l 2 S h7V C I}r, Ca V Se ? operands t0 be r "d from the XJ and Xk registers, 
f+l *> ? logical product, and enters the result in the Xj register 

Each of the bits in (XJ) is acted upon by the corresponding bit of ?Xk] to 
form a single bit in the result entered in the Xj register. J samp e col! 

r-SHrfli^d^ni 1 ?! 6 ? H e ' OW in di " blt nation to illustrate Jhe opera Ion 
performed and includes the four possible bit comoinations that may o«Cr. 



r 



Sample operands! (Xj) = 33332222 11110000 01230123 01230123 

(Xk) = 01230123 01230123 33332222 11110000 

Result! (XJ) = 01230022 01010000 01230022 01010000 




* 



ISSUE CONDITIONS 



XJ register s ree one clock period after instruction issues 

f r ^?ifl Gr , iS ! ree ° n ? C,0CK perlod af ter instruction issues 
? ^ 7 egi ster inpu t Pdth is fr *ee two clock periods after issue 



■$ EXECUTION TIMING 



No execution delays possible after this instruction issues from IPT. 

CPQ Instruction issues from IPT ® 



Transmit J and k designators to register modules 

f Set xj reservation flag 

i CP1 Read (Xj) to operand register A 

* Read (Xk) to operand register B 
•'! Clear X] reservation flag 

* CP2 Transmit logical product of (A) and (B) to Xj 

> NOTES 



/ 



o 



1. If the J and k designators have the same value in this instruction 

he design. ted X rrgister content is operated upon by a copy o ?hls Q 

nMrucn 1 tV *r r I h : iaSt T ti r. in ^ CdSC <^ — ates'InVa 

in j i ruir leu 12 riming fnr th r ram uiii*i *. 

.or , h . 3 enera, c^.'lL'Z ^'alVlont \ lets Jn^cc'ur! *"• "*'" 



© 



^ 



[ 0002 ] 

I 0002JJKK I Logical sum of (XJ) plus (Xk) to XJ [ 1 
I (02) 3 



-p. 



This instruction causes operands to be read from the XJ and XK registers, 
forms a bit-bit logical sum, and enters the result in the XJ register. 
Each of the bk bits in (XJ) is acted uoon by the corresponding bit of (Xk) 
to form a single bit in the result entered in the XJ register. A sample 
computation is listed below in di-bit notation to illustrate the operation 
performed and includes the four possiole bit combinations that may occur. 



Sample operands: (XJ) - 33332222 11110000 01230123 01230123 

(Xk) = 01230123 01230123 33332222 11110000 



! Result! (XJ) = 33332323 11330123 33332323 11330123 

This instruction is intended for merging portions of a 6i*-bit word into 
a composite word during data processing as distinguished from numerical 
computation. Together with the other boolean and shift instructions it 
may be used to manipulate alphanumeric or other coded data not related to 
'; the 6<»-bit machine word length. 

"', ISSUE CONDITIONS 

XJ register is free one clock period after instruction issues 

rXk register is free one clock period after instruction issues 
X register input is free two clock periods after issue 



EXECUTION TIMING 

No execution delays possible after this instruction issues from IPT. 

CP0 Instruction issues from IPT 

Transmit J and k designators to register modules 
Set XJ reservation flag 

CP1 Read (XJ) to operand register A 
Read (Xk) to operand register B 
Clear XJ reservation flag 

CP2 Transmit logical sum of (A) and (B) to XJ 

NOTES 

1. If the ) and k designators have the sane value in this instruction, 
the designated x register content is meryecl with another copy of trie 
same quantity and degenerates into a cooy instruction. The timing is 
the same as in the general case. Mo special conflicts will occur. 



i jjJJJJKK I Logical difference of (XJ ) minus (Xh) to XJ 



:fS 



I 0003 ] 

£ i 

t (03) ) 



~P* 



4*"*- » •*i*4t*- +*• 



T K iS Kf? S ! rU ? U ? n r ?! dS operands f™m the XJ and XK registers, forms the bit- 



a> 



Samp let 



( lower ^ bits) 
(binary) 



(XJ) = 1010 
(XK) = 1100 

(XJ) = 0110 






I mJ n i??In UC i° n , 1S i ntended for comparing bit patterns or for complementing 
' o 1 ln L d : a Processing as distinguished from numerical compu - o 

^. , W i th the ° ther boo,ea " a " d shift instructions it may be used 
* m a°ch!ne P wor a d e ,:n P g?hr erlC ^ ^^ e ° d " **'* " 0t " lated "> ">• "-bit 



S» ISSUE CONDITIONS 



i C Ji o 9 I f S ! Pee one clock P er *° d after instruction issu 

J XK register is free one clock period after instruction issu 

X register input path is free two clock periods after issue 



es 
es 



! EXECUTION TIMING 

t No execution delays possible aft 



er this instruction issues from IPT. 



CPO 
CP1 

CP2 

NOTES 

1. 



Instruction issues from IPT 

Transmit J and k designators to register modules 

Set XJ reservation flag 

Read (XJ) to operand register A 
Kead (XK) to operand register 8 
Clear XJ reservation flag 

Transmit logical difference of (A) and (0) to XJ 



i 



a\^irl. a d d ff desi ^ at0, ; s have the same value in this instruction, 
a logical difference is formed between tno 
The r.".;ulf will be d Hard of 



identical quantities. 
* , . a *' °* s written into register Xi Tho 

tlmlnj for this case is the same as the timing for ?he general 



case. 



© 

© 

® 



O 



r-. 



k » 



I OOlOJJkk I Copy (Xh) to XJ 



£ 0010 1 
I ] 

( (04) 1 



This instruction reads a 64-bit word from the Xk register and enters the 
•word ,in the XJ register. 

This instruction is intended for moving data from one X register to another 
< > ,,X,,r,QgJL&tftrL~as„r aplCLU-as.. pos*ilU«. No logical function is aer formed on the 
data* 



<* 

i 



ISSUE CONDITIONS 

XJ register is free one clocK period after instruction issues 
XK register is free one clock period after Instruction issues 
X register input path is free two clock periods after issue 






^EXECUTION TIMING 

No execution delays possible after this instruction issues from IPT. 

€CP0 Instruction issues from IPT 
Transmit J and k designators to register modules 
Set XJ reservation flag 

CPi Read (Xk) to operand register 8 
Clear XJ reservation flag 

CP2 Transmit (0) to XJ 



NOTES 



1. If the ) and k designators have the same value this instruction wi I I 
read a 6^-bit word from the designated X register and then write the 
same information baCK into that X register. The timing for this case 
will be the same as the timing for the general cese, and no special 
conflicts will occur. 



sL-' 



1 


OOli 


) 


I 




] 


[ 


(05) 


3 



I jJilllkK I Copy complement of (Xk) to XJ 

n 



! This instruction reads a 6<*-bit word from the Xk register, complements the 
» the word, and enters the result in the XJ register. Tfte 



I This instruction is intended for changing the sign of a fi 

j point, quantity as quickly as possible. This instruction L 

data processing for inverting an entire 6^-oit field. The 



>■*; 



i-» : 



xed or floating 
s also usefu I in 

nators may frequently have the same value becausethe result i^a-nf^M^ 
but not necessarily, returned to the same X register! generally, 



i ISSUE CONDITIONS 

i *i T G9 ! S ! er iS ! Pee ° ne C,ocK period aftep instruction issues 

* n? ! / S ! ree ° ne C,OCh period a,ter instruction issues 
X register input path is free two clock periods after issue 

i 

■ EXECUTION TIMING 

^..„No, execution delays possible after this Instruction issues from IPT, 

i 

CPO Instruction issues from ipj 
? f Transmit J and k designators to register modules 

I Set X) reservation flag 



CP1 Read (Xk) complement to operand register B 
Clear XJ reservation flag 



o 

o 



CP2 



Transmit (8) to XJ 



NOTES 



1. 



Designators J d rid k have the saiie value 

The J .ind k designators will frequently have the sane value in this 
instruction. In this case, the quantity read from the designated X 
register is conio I emenl e J and returned to the same J 

timing is the tome as for I he general case. 



X register. The 



© 



i 



Q 



Pi 



;b 



I 



! I 



P 

This 

oper 

and 

left 

is n 

numb 

oper 



t 0012 ] 

12JJKK I Shift (XJ) left by CXK) or right if (XK) negative C 1 
[ (06) ] 



instruction reads a 6**-bit operand from the XJ register t shifts the 
and left or hight as specified by (XK) , and enters the resulting oper- 
back into the XJ register. If (XK) is positive, the data is shifted 

circularly the number of bit positions designated py (XK). If (XK) 
egative the data is shifted right (end off) with sign extension the 
er of bit positions designated by the magnitude of (XK). Sample shift 
ations are listed below in binary notation. 



•% 
i 



Sample (6*» bits) » 

(XK) = 0..0100 



Sample (&<* bits) 1 

(XK) - 1..1101 



Samp 



e (6^ 
(XK) 



bits) i 
= 1..1100 



(XJ ) 
(XJ) 



(XJ) 
(XJ) 



(XJ) 
(XJ) 



operand 
resul t 



operand 
resu I t 



operand 
resu I t 



10110000 00000000 

00000000 .00001011 

01100000 00001000 

00011000 00000010 

11000000 00100010 

11111000 00000100 



This instruct ion-' i s for use in data processing where the shift count (Xk) 
is derived by program computation. It is also used for correcting the 
coefficient of a floating point number when the exponent has been unpacked 
into an X register. 



Cu 



E CONDITIONS 

XJ register is free one clock period after instruction issues 
XK register is free one clocK period after instruction issues 
X register input path is free three clocK periods after issue 



EXECUTION TIMING 

No execution delays possible after this instruction issues from IPT. 



CPO Instruction issues from IPT 
Set XJ reservation flag 

CPl Read (XJ) to operand register A 
Redd (XK) to operand register B 

CP2 Begin operand shift 

Clear XJ reservation flag 



CP3 Complete operand snift 
Transmit result to XJ 



NOTES 

1, 



t 



If the operand ti i t s are all l's or all 0's they are treated in the 
same manner- as any other bit pattern and the timing is the same as 
for t he j en era I case. 

If (Xk) is (either all l's or all 0's binary) the instruction readi 
the op. rand from re;ii^»ter XJ so'J returns it undl tore j to register XJ* 
Ihe tiding for this chsu is the same as for thy general case. 



I 1 

t » 1 . . --■^•_ > «~ * — — — — — — _«, 

I COUJJKK I Shift (XJ) right by (XK) or left if (xk) neg. [ °° 1J j 

lp LLllLl 

i, This 'instruction reads a 6*»-bit operand from the XJ register, shifts the 
operand right or left as specified by (XK) , and writes the resulting 
operand bacK Into the XJ register. If (XK) is positive, the operand is 

* shifted right (end off) with sign extension the number of bit positions 
designated by (XK) . If (XK) is negative, the operand is shifted left 
circularly the number of bits designated by the magnitude of (XK). Sample 

*> shift operations are listed below in binary notation. 

Sample (6<» bits)! (XJ) operand = 10110000 00000000 

J (XK) = U. .0100 (XJ) result = 11111011 00000000 

i 

? Sample (6<f bits)! (XJ) operand = 01100000 00001000 

(Xk) = 1..1101 (XJ) result = 10000000 00100000 

J This instruction is for use in data processing where the shift count (XK) 
is derived by program computation. It is also used for correcting the 
coefficient of a floating point number when the exponent has been unpacKed 

' in to an X register. 



) ISSUE CONDITIONS 

\ XJ register is free one clocK period after instruction issues 

> XK register is free one clocK period after instruction issues 

X register input path is free three clocK periods after issue 

1 EXECUTION TIMING 

No execution delays possible after instruction issues from IPT. 



CP0 

CP1 

CP2 

' CP3 

NOTfcS 



Instruction issues from IPT 
Set XJ reservation flag 

Read (XJ) to operand register A 

Read (XK) complement to operand register 6 

Bojin operuna shift 
Clear XJ reservation flag 

Complete operand shift 
Transnl t result to X J 



O 



O 



( 



^ 



ft 



r s 



<-\ 



I 0020JJKK I Floating 



- iS 



double precision sum 

of (XJ) plus <XK> 



to XJ 



[ 0020 ] 
C ] 
[ (08) 3 



This instruction forms the floating double precision sum of two floating 
* point operands read from the XJ and XK registers» and enters the lower 
half of the result in the XJ register. 



The two operands are not rounded in this operation and may or may not be 
normalized. Tht>y are unpacKed from floating point format and the exponents 
compared. The coefficient with the smaller exponent is shifted down by the 
difference of the exponents so as to align bits of corresponding signif- 
icance* and a 97-bit adder forms a double precision l*s complement sum. 
The exponent of the *+fl-bit lower half coefficient entered in XJ is ^8 dec- 
imal less than the exponent of the uooer half coefficient. 

If an overflow of the highest order coefficient bit occurs during the add 
operation* the result coefficient is displaced one bit and the result 
exponent is corrected by one count. 



The double precision 
fore normalized* but 



sum is normalized and the upper half result is there- 
the lower half result is not. 



This instruction is intended for use in floating point calculations involv- 

C*N double precision or multiple precision. Used together with the single 
. ecision FP sum instruction 2DXX, this instruction forms a double pre- 
cision sum in two X registers with no loss of precision. 



ISSUF. CONDITIONS 

XJ register is free one clock period after instruction issue 
XK register Is free one clock period after instruction issue 
X register input p.ith is free eight clock periods after issue 

EXECUTION TIMING 

No execution delays possible after this instruction issues from IPT. 



VJ 



[ 0020 ] 

£ ] 

£ (08) 3 



> EXECUTION TIMING (continued) 



CPO 



CPi 



CP2 
CP3 

CP<« 
CP5 
CP6 



c 



CP7 
> CP8 



Instruction issues from IPT 

Transmit ] and k designators to register modules 

Set XJ reservation flag 

Read (XJ ) to floating add module FA 

Read (XKJ to floating add module FA 

Compare exponents 

Transmit coefficients to pre-add shift register 

Select smaller exponent 

Shift coefficients for bit alignment 
Transmit coefficients to 97-bit adder 

Form double precision sum 

Transmit OP sum to bit position network 

Determine significant bit position 
Transmit result to shift network 

Perform 96-bit normalize shift 
Clear Xj reservation flag 

Enter lower half of result in X] 



C 



o 

© 

o 

o 

9 



I 002UJKK I 



P 



Floating double precision difference 
of (XJ ) minus (Xk) to XJ 



[ 0021 3 
[ ] 
( (09) ) 



This instruction forms the floating double precision difference of two 
" floating point operands read from the XJ and Xk registers, and enters the 
lower half of the (XJ) minus (XK) resj I t in the XJ register, 

^^h"e 'TwlTlTplsrlfn^ this operation and may or may not be 

; normalized. (X)) and complemented (Xk) are unpacked from floating point 

format, the coefficient with the smaller exponent is shifted down by the 
1 difference of the exponents, and a 97-Dit adder forms a double precision 
! i* s complement sum. The exponent of the *t8-bit lower half coefficient 

entered it\ X] is <+6 decimal less than the exponent of the upper half 

coefficient; 

If an overflow of the highest order coefficient bit occurs during the add 
operation, the result is displaced one bit and the exponent is corrected 
by one count. 

The double" precision difference is normalized and the upper half result 
is therefore normalized, but the lower half result is not. 

This instruction is intended for use in floating point calculations in- 

! living double precision or multiple precision. Used together with the 

51 ..7le precision FP difference instruction 21XX, this instruction forms 

a 9b-bit Jouole precision difference in two X registers with no loss of 

' precision. 



ISSUE CONDITIONS 

XJ register is free one. clock period after instruction issues 

Xk register is free one clock period after instruction issues 

X register input path is free eight cIock periods after issue 



EXECUTION TIMING 

No execution delays possible after this instruction issues from IPT. 



■> fS 



j, EXECUTION TIMING (continued) 

j CPO Instruction issues from IPT 

Transmit J and k designators to register modules 

Set X) reservation flag 

>-■- - ■• 

CP1 Read (XJ) to floating add module FA 

Read complement of (Xk) to floating add module FA 
J Compare exponents 

Transmit coefficients to pre-add shift register 

1, CP2 Select smaller exponent & 

CP3 Shift coefficients for bit alignment 
* Transmit coefficients to 97-bit adder S» 



CP*+ Form double precision sum 

CP5 Transmit DP sum to bit position network 



fe 



CP6 Determine significant bit position Q 

g~^ Transmit result to shift network 

CP7 Perform 96-bit normalize shift ■ © 

Clear XJ reservation flag 

CP8 Enter lower half of result in XJ $ 



Q 
O 

t; 
O 



I 00221JKK I Floating divide of <XJ ) by (XK) to XJ 



P 



I 0022 ] 
[ ] 
[ (0A) ] 



THls TnSTr'uctioh reads operands from the XJ and XK registers, forms a 
floating point quotient, and delivers this result to the XJ register. 
The dividend operand is (XJ) and the divisor operand is (XK) • These 
operands are assumed to be numbers in floating point format. The 
remainder from the division process is discarded. 



ISSUE CONDITIONS 

XJ register is free one clocK period after instruction issues 
XK register is free one clocK period after instruction issues 



EXECUTION TIMING 



C\ 



«. 



"* 



p 



ziZSll&n I Population count of (Xk) to XJ 



I 0023 J 
I 1 
I (OB) ] 




Th 

CO 



is instruction is intended for nc«» in h^*-» , 

incidence is desired. ln data procesSAn 9 "here a degree of 



-* ISSUE CONDITIONS 

XJ register is free 



Xk rolMpp ic f™ ° ° C , K period afte r instruction Issues 
XK register is free one clock period after instruction Issues 
X register in put path is free five clocK perioas af 



fXF.CUTION TIMING 

\ No execution delays possible after this instruction iss JeS from IPT 
* CPO Instruction issues from IPT 

Transmit J and k designators to register modules 
Set XJ reservation flag 



CPi 
CP2 
CP3 
CPH 

CP5 



Read (XK) to input register in DA module 

Form partial sums 

Form partial sums 

form count result in 03 module 
Clour XJ reservation flag* 



Transmit result to XJ i^ regist 



er modules 



NOTTS 

i- If the J and k designators have th 



r 



fro, ,„ ; , , h . c„,„, irore„-b.eK-|;Vt "V Xl'V rlu".?™ '* "" 



c\ 



o 



PI 



c\ 



I Q3J0]]kk I 



P 



Floatin? douole precision product 

of (XJ) times (Xk) to Xj 



[ 


0030 


M 


[ 




] 


[ 


(0C) 


] 



^ 
* 
* 



This instruction reads two normalized floating point operands from the 
X) and Xk registers, forms a floating point double precision product, and 
enters the lower half of the result in the XJ register. 

ThT^FwlToircTan^ point format (the operands are 

not rounded). The exponents are added to determine the exponent Tor the 
result. The result exponent is ^8 decimal less than the exoonent of the 
upper half coefficient (the upper half coefficient is extracted with the 
13XX instruction). 

The coefficients are multiplied as signed integers to form a 96-bit double 
precision inteowr product. The lower naif of this product is then extract- 
ed lo form Ihe *8-bit coefficient for the result. If the double precision 
product has only 95 significant bits, a 1-bit normalizing shift is perform- 
ed before extracting thQ lower half, and the exponent 
corrected by one count. 



for the resul t is 



This instruction is intendea for use in multiple precision floating point 
calculations. Used together with the single precision f'P multiply 
Instruction t'?XX, thi s inst-uc t ion forms a 95-bit double precision product 
^Stwo X registers with no loss of precision. 



•** 



ISSUE CONDITIONS 

XJ register is free one'clock period after instruction issues 
XK register is free one clock period after instruction issues 
X register input path is free eight clock periods after issue 



exlcuttoi! timin:. 

No execution delay; possible after this instruction issues from IPT 



i ..... .-_.-. w**»»-^uMfc»- t" » [ 0030 ] *_ 

t ] 



r 



I (0C) ] 
V* 



EXECUTION TIMINi (continued) 

CPO Instruction issues from IPT 

Transmit J and h designators to register modules 
:* , Set X] reservation flag t* 

CPi Transmit (XJ) and (XK) to floating multiply module MA 
j Perform sign corrections V* 

Separate exponents from coefficients 

J CP?. Form first lox^S product Vi 

CP3 Form second 16x**8 product 

CP** Form third 16x^8 product 

J CP5 Merge the three i6x^8 products into 9o-bit result register fe 

CP7 Clear XJ reservation flag 

rCP8 Enter lower *i8 bits of 96 bit result and exponent result in XJ 
{entire 6't-bit result complemented if negative) 



C 
C 



%~* ; 



t v . 



* I OOJllJhn I Integer product of (XJ) times (XK) to XJ t 0031 ] 

( (00) ] 



n 



This instruction roads tHO operands (limited to h8 bits plus sign and sign 
extension) from the XJ and Xk registers, forms the product, and delivers 
the result to trie X] register. 

The instruction is performed in the floating multiply unit (the exponent 
■^fTT11TfieTrc"'p~dr'tidn Is" hot "Used J. 

The operands are multiplied as sigied integers to form a 96-bit product. 
^ The lower bk bits of this product are extracted and entered in the XJ 
register. 



ISSUE CONDITIONS 

X) register" is free one clock period after insturction issues 

Xk register is free one clock period after instruction issues 

X reyisler input path is free eight clock perioos after issue 



c 



i-lCUTION TIMING 

No execution delays possible after this instruction issues from IPT ., 

CF»Q Instruction issues from IPT 

Transmit J ana k designators to register modules 
Set XJ reservation flag 

CPi Transmit 1\\) .in 3 (Xk) to floating multiply unit 

Perform sign corrections 

CP<? Form first ISx^P product 

C.PS Form second lbx'id product 

CtN Form third i&x'ifi product 

GP:i fierge 1he three lbx-»rt products info "Jo-bit result register 

CP7 Clo-ir X) reservation flag 

CPf> Enter- lower t't hi 1s of Sn-oit result in XJ (complemented if nog.) 



O 






P 



j CJJ^xxxx I Program error exit r ] 

t (OE) ] 

> This instruction format is treated as an error condition and, if executed, 
Hill set the program error exit flag in the exchange parameter word. This 
cond,i tion , f lag will then cause an exchange Jump to address (XA). in this 

^ case all instructions which have issued prior to this instruction will be 
run to completion. Any instructions following this instruction in the 
current instruction word will not be executed. When a I I operands have 

<j arrived at the operating registers as a result of previously issued 
instructions, an exchange Jump will occur to the exchange package which 
is designated by (XA). y Mnicn 

-* ; 

„ Jh iL- l ??- -5 , de ! ignators in this instruction are ignored. The program 

; rf address sTored In the exchange pacKago on the terminating exchange Jump is 

advanced one count from the aJdress of the current instruction word. This 

Is true no matter which parcel of the current instruction word contains 

Jt the program error exit instruction. 

J This instruction format is not intended for use in normal prooram code. 
The program error exit flag is set in the exchange parameter word (XPW) to 
indicate that the program has Jumped to an area of memory which may be in 

1 J^V* but ls not v3,i ' J Program code. This should occur when an incorrectly 
j-\ded program Jumps into an unused area of the memory field or into a data 



J 
p 
J 



(' 



.. u 



* 



I 0033xxxx I Pass 



&% 



I 0033 J 
t ] 
I (OF) ] 






This instruction is a •do-nothing' instruction and is typically used to 
fill program instruction words where necessary to match Jumo destinations 
J*i th . worci boundaries. The J and K designators are not used and are norm- 
al ly zero, but non-zero values will nave no effect on the instruction. 



ISSUE CONDITIONS 
None 



EXECUTION TIMING 



^ 



CPO Instruction parcel in IPT 
Instruction issues 

CPi Next instruction may issue 



J 



l.'jjjKt: I Transmit k to XJ 



P 



[ 01 J 
I 3 
I (10) ] 



This instruction forms a 6^-bit word with the <*-bit integer specified by k 
^ in the lower h bits of the word and 0*s in the upper 60 bits. The result 
is entered in the XJ register. 



ISSUE CONDITIONS 

XJ register is free one clock period after instruction issues 
X register input path is free two cIock periods after issue 

EXECUTION TIMING 

No execution delays possible after this instruction issues from IPT 



CPO 



,e 



CPl 



Instruction issues from IPT 

Transmit J and k designators to register modules 

Set XJ reservation flag 

enter* K In lower k bits of operand register 8 
Clear Xj reservation flag 

enter (ti) in XJ 



NOTES 



C5 



r* 



C; 



«J 



i ) 



131JJKK I Transmit -K to XJ t 0101 J 

-- [ 3 

C (11) ] 



This instruction forms a 6^-bit word with the complement of the <t-bit 
l^lt±t*gj&i*~~&p-Gc4-t~le*l By—H»-4fv the -fOHt»r <♦ bits of the word and i*s in the 
upper GO bits. The result is entered in the X] register. 



! 



ISSUE ,C0NiUII0\NS. 

XJ register is free one clock period after instruction issues 
X register input path is free two clocK periods afler issue 

EXECUTION TltUNC 

No execution delays possible after this instruction issues from IPT 

^ CPU Instruction issues from IPT 

(tf Transmit J and K designators to register modules 
Set XJ reservation flag 

CP1 Entrr complememt of K plus 60 bits of l's in operand register B 
Clear XJ reservation flag 

CP2 Enter (3) in XJ 



NOTES i 



., I J1021JKK J Integer sum of (XJ) plus k to XJ 



,jO 



I 0102 ] 
I ] 
t (12) ] 



This instruction forms a 6^-bit sum of the operand read from the XJ 
register and the '♦-bit integer specified by k. The result is entered 
# in the XJ register 

This instruction Is intended primarily for incrementing an operand by 
j a small number. Integer sum instruction 11XX is used for addition of 
larger numbers. 



ISSUE CONDITIONS 

XJ' register is free one clock period after instruction issues 
X register input path is free three clock periods after issue 

EXECUTION TIMING 

f^ No execution delays possible after this instruction issues from IPT, 

CPO -Instruction issues from IPT 

Transmit J and k designators to register modules 
Set XJ reservation flag 

CP1 Read (XJ) to operand register A 

Enter h in lower <♦ bits of operand register B 

CP2 . Perform partial add operation 
Complete add operation 
Clear XJ reservation flag 

CPS Complete add operation and enter result in XJ 



NOTES 






i , 



OlOJJJhK I Integer difference of (XJ) minus K to XJ 



f*\ 



I 0103 ) 
I 3 
[ (13) ] 



This instruction forms the 6^-bit difference of the operand read from 
the XJ register and the t»-bit integer specified by K. The result 
is entered in the XJ register. 

This instruction is intended primarily for decrementing an operand by a 
small number. Integer difference instruction 13XX is used for 
subtracting larger numbers 



ISSUE CONDITIONS 

XJ registers is free one clocK period after instruction issues 
X register input path is free three clocK periods after issue 

EXECUTION TIMING 

No execution delays possiole after this instruction issues from IPT. 



^ 



CPO 

cpi' 

CP2 

CP3 

NOTES 



Instruction issues from IPT 

Transmit J and K designators to register modules 

Set XJ reservation flag 

Read (XJ) to operand register A 

Enter complement of k plus &0 bits of i's In operand register B 

Perform partial add operation 
Complete add operation 
Clear XJ reservation flag 

Complete add operation and enter result in XJ 



^s, 



«» 



;„" i .iliiJJHK I " UnpacK coefficient of (XJ ) to Xk [ 0110 J 

' I 3 

PI (14) 3 


This instruction reads a 64-bit floating point operand from the XJ register 
unpacks the word, and enters the 48-bit coefficient plus 16 bits extension 
# of the coefficient sign bit in the XK register. 

exponent coefficient 
7 l-l-l I I 

(XJ) lllll 14 I 48 I 

l-l-l I j 

I \ / 

I out-of-range / 
I flag / 

' coefficient sign / 

I I 

V V 

I I I 

(XK) I 16 I 48 I 

' I I 

sign coefficient 
extension 

' No test for out-of-range condition is performed, and the out-of-range flag 
a*<i exponent bits, in (XJ) are replaced in (XK) with copies of the sign bit. 

A 

ISSUE CONDITIONS 

XJ register is free one clocK period after instruction issues 
XK register is free one clocK period after instruction issues 
X register input path is free two clocK periods after issue 

EXECUTION TIflING 

No execution Jelays possible after this instruction issues from IPT 

CPO Instruction issues from IPT 

lrdnsmit J and h designators to register no Jules 
Set Xk reservation flag 

CP1 Read (XJ) to operand register A 
Extr-jct coefficient anu sign 
.p..L c3 C , Xk reservation flag 

CP2 Transmit siqn extended coefficient to XK 



«» 

9 
9 



"\ 



I 0111JJKK I UnpacK exponent of (XJ ) to Xk 



[ 0111 ] 
C ) 
I (15) ] 



This instruction reads a 6^-bit floating point operand from the XJ 
register and unpacks the word. The exponent portion of (XJ ) is sign 
* extended ana entered in the XK register. 

———*--•'• — ^--'-coefficient sign bit 

\ 
\ exponent coefficient 
,-1-1-1 I , 

** (XJ) lllllll 13 I **8 I 

I - I - I - I I I 

' / I \ 

r . / i \ 

i out-of-range I \ 

flag I \ 
bias \ 
I \ 
• t . ..,..,,. |J4.- 1 , 

(XK) I 51 I 13 1 
I 1 , 

sign extension exponent 
y( test for out-of-range condition is performed. 



ISSUC, CONDITIONS 

XJ register is free one clock period after instruction issues 
Xk register is free one clock period after instruction issues 
X register input path is free two clock periods after issue 

EXECUTION TIMING 

No execution delays possible after this instruction issues from IPT. 

CPO Instruction issues from IPT 

Transmit J anu k designators to register modules 
..... Set Xt\ reservation flag 

CPi Re- "id (XJ ) to operand register A 
Extract expon>.n1 
Cleor Xk reservation flag 

OP?. Transmit sign extended exponent to Xk 



t ;■ 



I tiliJjjhK I PacK coefficient Xh and exponent X] to Xi 



r 



I 0112 ] 
t ] 
t (16) ] 



This Instruction reads a coefficient 



operand from XJ, packs them into a 6^^?^^ Xk ?"? 8 ° exponent 
* the result in. the Xk register? floating point word, and enters 

sign 
extension coefficient 

1 ' I 

I 16 J <»8 | 

'■; ' ; ■ 

/ 

/ 
, 

**8 | 
, 

coef f icient 



exponent 
j I ,_j ! 

- ' '-' I 

** it 

-I 



; 



/ bias I 
v v v 

l-l-l-l | 

(XK) llliiii 13 | 

l-l-l-l | 

a exponent 
J 
out-of-range f lag 



> ^'tn^r^r^vr^^r^r and ,he •■"--•->»• «••- 



jUE CONDITIONS 



I re.,!, ter is ree one clock period after instruction issu 

K register is free one clock period after instruction ssu 

register input path is free two clock periods a issue 



es 
es 



EXECUTION TIMING 



No execution delays possible after this instruction issu 

Instruction issues from IPT 

Trans/nit J ana k designators to register modules 

Set Xk reservation flag 

RuciJ (X]) to operand register A 
kec»d (Xk) to operand register D 
Clear- xk reservation (/ag 

Transmit exponent of (A) and coefficient of (B) t 



es from IPT 



CPO 



CP1 



ZPd 






o Xk 



C3 



NOTES 



€> 



*-*isu' 



O 



I 0113 3 
113JJHK I Integer difference of zero minus (XK) to XJ I 3 
[ (17) ) 



•> 



This Instruction forms the 6^-bit difference of zero and the operand 
read from the (XK) register and enters the result in the XJ 
register. 

.^TJilsJLAsJiiuciijm l^Oaieadad^aj^iftarl ly_lxir .complementing an operand 
without obtaining a negative zero in the resjlt. 



ISSUE CONDITIONS 

XJ register is free one clock period after instruction issues 
XK register is free one clocK period after instruction issues 
X register input path is free three c I ocK periods after issue 

EXECUTION TIMING 

No execution delays possible after this instruction issjes from IPT. 



" c 



PQ Instruction issues from IPT 

Transmit J and K designators to register modules 
St't XJ reservation flag 



CP1 Enter all 0's in operand register A 

Complement (XK) and enter in operand register B 

CP2 Perform partial add operation 
Clear XJ reservation flag 

CP3 Complete add operation and=enter result in XI 



'» I Oi20xxxx I Begin system call [MTF] [ ° 12 ° ] 

I (18) ] 



;P 




J rnnii'.fV^f ^^V 3 " instruction 0121 is executed, the system call 
condition flag (SCF) remains set. 

» This instruction will be executed only if monitor mode flag MTF in the 
exchange parameter word is set. If HT F is not set, the instruction is 
executed as a pass instruction. ru<-'ion is 

This instruction is intended to be used to initiate inter-processor 
> reassign^?? ^ CaUSin9 PrOCeSSors to heed the system call for program 



ISSUE CONDITIONS 
1 

1 

'i ... „_ 

EXECUTION TIMING 



t 






No execution delays possible after this instruction Issues from IPT. 
CPO Instruction issues from IPT 
CP1 Next instruction may issue 






e 



rl [ 0121 ] 
ji2ixxxx I End System Call IMTF] I ] 
I (19) ] 



This instruction, when issued by a processor in monitor mode, clears the 
system call t I ag (SCF) . 

— Tfri-s— instruct ho n wi t t—fee~ -executed- only it the monitor mode flag MTF in 
exchange parameter Hord is set. If MTF is not set, the instruction is 
executed as a pass instruction. 

The J land H designators are ignored in the instruction. 



ISSUE CONDITIONS 



EXECUTION TIMING 



.(* , 



i jij.'J jk* I Ulock input channel (XJ) to address (Xk) [MFFJ 



I 0122 ] 
I 3 
t (1A) ] 



is instruction initiates the input of a block of data arriving on I/O 
j channel (XJ) and stores the data in consecutive address locations in 
memory beginning at aosolute address (XK). The length of the block of 
data is determined by the system I/O station (IOS). Only the lower k bits 
^ of (XJ) are used to specify the channel number. 

A block of data consists of one or more words sent by the IOS. Each input 
j word is either 8 bits or 12 bits depending on the channel (XJ) selection. 
The ihpJt'words are assembled into 6<t-bit words for storage in the 6600 
memory. Partially assembled 6^-bit words are filled out with 0's. 

Sample block of eighteen assembled 8-bit words in 8600 memory! 

j 

*—•*-— >■"> Uk)" : ^T - 8 I'8I8I8I6|8I8 r~8 "\ 

3 (Xk)fl I8I8I8I8I8I8I8I8I 
(Xk(+2 I 00000 00000 I 8 I 8 I 

Sample block of nine assembled 12-oit words in 8600 memory* 

^ (Xk) I k I 12 I 12 I 12 | 12 | 12 | 

(Xk)+1 I 00000 - - - 00000 I 12 I 12 18 1 

^ ...... 

Each input' word is accompanied by a word flag sent by the IOS and is 
acknowledged by an 8600 channel resume signal sent back to the IOS. 

The block input operat ion initiated by this instruction is terminated 
by a record flag sent by the 10S to the 8600. This record flag must 

' not be sent to the 8600 by the IOS until after the receipt of an 
8600 channel resume signal acknowledging that the last word has been 
received. The record flag will cause one of the 8000 orocessors to be 

i interrupted. Another 6600 Channel resume will De sent to the IOS to 
indicate that the terminating record flag has oeen acknowledged and 
thai a processor has Peen interrupted. 

This instruction will De executed only if the monitor ?,ode flag (MTF) 
in the exchange parameter word is set. If the MTF is not set, the 
instruction Is executed as a pass instruction. 



ISSUE CONDI T TONS 



XJ reyisler i -, frcn one clock period after instruction issues 
I xk register is free one clock period after instruction issues 

EXECUTION T 1 f 1 i N i 



o> 



p. 



123JJKK I Block output channel (XJ) from address (XK) [MTF] 



I 0123 ] 
[ 3 
I (IB) ] 



This Instruction initiates the writing of a block of data over output 

channel (XJ) from consecutive address locations beginning at the absolute 

address soecified by (Xk). Only the lower <♦ bits of (XJ ) are used to 
specify the channel number. 



A record flag is sent to the receiving device with the first 8-bit or 
12-bit output data word. 



The length of the block of data is dictated by the system I/O station (IOS) 
The channel output process is terminated by a record flag sent to the 
86U0 by the IOS. When the record flag is received by the 8600, a parity 
status word is sent to the IOS indicating whether or not a memory parity 
error occurred whi le reading the outojt data from the 8600 memory. A 
parity status word of all 0*s indicates that no parity erro~ occurred; a 
parity status Word of illl (octal) indicates 
To insure thot the proper parity status word 
shoulu not do read by the IOS until the B6Q0 

resume signal acknowledging that the terminating record flag has been 
received and that a processor has oeen interrupted. 



no parity erro~ occurred; 
that a parity did occur, 
is read, the status word 
has returned the channel 



s instruction will be executed only if the monitor mode flag MTF in 
e exchange parameter word is set. If the monitor mode flag is not set, 
the instruction is executed as a pass. 



ISSUE CONDITIONS 

X] register is free one clock period after instruction issues 
Xk register is free one -clock period after instruction issues 



**•> 



EXECUTION TIMING 



->> 



.0 



i UlJQJjxx I Read channel request to XJ [MTF] 



C 0130 ] 
t ] 
I (1C) } 



liJ^lnstr.Tt.'oft transmits^ the (XJ) register the identity number ot t 

, ^fL^T* ' " l ? 1 + C ^. CauSea an interrupt. Any subsequent I/O interrupts ar 
J disabled until this instruction is executed. 



he 
e 



The k, designator is ignored in this instruction. 



.Jhis instruction. Kill be executed only it the monitor mode tlag MTF in 
the exchange parameter word is set. It MTF is not set, the instruction 
> is executed as a pass instruction. non 



) ISSUE CONDITIONS 

X), register is free five clock period after instruction issues 



^*S 



) EXECUTION TIMING 



i . •■ r 






e* 



<?i 



fs 



c*> 



\ 1 ■ »" 

i I 

1, -------- 

i J t o*3i ] 

i I QlJlxxhK I Load XA from (XK) tMTF] J ] 



> . --' 1 i' -• •! 



P 



r «"'• 



This instruction loads the address contained in the XK register into the 
N exchange adaress XA portion of the exchange parameter word (XPH). 

20-bit address 
1- I 

XK 1////////////////////////WI 7 • s 15 3 

I I 

63 19 12 I 05 00 

I 
8 bits 

I 

v 

- — -I I - 

XPH I mode I cond. I RA I XA I FL I P 3 

1 I 

63 39 32 00 

The J designator is ignored in this instruction. 

Tbjs instruction will be executed only it the monitor mode flag HTF in 
■ • exchange parameter word is set. If MTF is not set, the instruction 
' is executed as a pass instruction. 



ISSUE CONDITIONS 

XK register is free one clocK period after instruction issues 

EXECUTION TIMING 

No execution delays possible after this instruction issues from IPT 

. CP0 Instruction issues from IPT 

Transmit K designator to register nodules 

CP1 ReoJ '(XK) to DA module 

QPc ii uiiiitiif XA to PPR register 



1 



,i jJ*XKX I 



'O. 



UJxxxx I 



Program error exit 



I 0132 ] 
[ 1 
( (IE) ] 



C 0133 ] 
[ ] 
£ (IF) ] 




i The } and K designators in these instrjctions are ignored. The program 
address stored in the exchange pacnage on the terminating exchange Jump is 
advanced one count from the address of the current instruction nord. This 

» is true no matter which parce.l of the current instruction word contains 
the program error exit instruction. 



) 



These instructions are not intended for use in normal program code. The 

t"*Vgram error exit flag is set in the ??R. register to indicate that the 
j gram has jumped to an area of memory which may be in range but is not 
valid pra^i ..... ^o^e. This should occur when an incorrectly coded program 
Jumps into an unused area of the memory field or into a data field. 



r 



r 



200 J J KK I kkkkkkkk I Store data at address < from XJ 



[ 0200 } 
I ] 

[ (20) 1 



: This Instruction writes one 6<+-bit word from the XJ register into memory 
at the absolute address formed by adding the address specified by K to 
the memory reference address RA from tne processor exchange package. 

" If "' the ' f ie Id I ength FL is exceeded» the memory reference is aborted and 
an exchange Jump is made to the exchange address XA in the processor 
exchange package. 

If a parity error occurs in reading the old data at the indicated memory 
address, the error is ignored and the processor operation continues in a 
' normal manner. 

This instruction, a I lows a processor to write data into memory from any 
' of the 16 :'x registers in the processor. 



ISSUE CONDITIONS 

XJ ' register' is free 
f~ A storage access buffer is available for this processor 

EXECUT ION TIMING 



1 , 



* I ,Jdi»|H.< I Store data at address | Xk i • 

ress **K) from X] 

I 0201 ] 

< 3 

I (21) ] 



fnis instruction writ. 
if bits of ku ♦ « *f forme a oy adding the *rf^~ ■- i **»«*r imo memory at the 

e processor exchange 
«•* If the field Jenqth F\ i o 

an exchange jump ls , d S t fl eX " eaed ' the memory reference i, , ♦ 
_^x^^^ W3 ^ ac ^^^5„..t£. the exchange address XA in ?hi D r£ 6d 8nd 



on wri tes one word f~ 

-3 formed by adding rZ "if XJ re ^ s ter into m , 

the memory r'ef erinl^rtt lit f SpeCiUed in " 

aaaress RA from the orocp- 



^ ^~„.^ ye . --„ „„ in , ne orocessor 

s in readin 



if a parity error occur; 



This (instruction allows * «„ 



ory 
a 



issue: condimons 

•> ' XJ 



"J register* is fro- 

XK register is ro ' ° ne C,0Ck P er iod after instr.^t. 

* v-.. .ci:.:-x,^ fi- -- - ; Si: j:s:.- 



| CUTION TIMING 



processor 



A 






e 



Gi 



9 



*H 



M » ■ 



*». 



I 



202J ] Kk 



I KKKKKKKK I 



\> 



Read data at address K to XJ and 
Store (XJ) Into address K 



[ 0202 1 
( ) 
[ (22) J 



i 
i 







Thl 



O.C rf-> - 



s instruction simu I taneous I y J 

reads a word of data fro* an object program storage field address and 

enters! tbaf ! word in the XJ register? and 



stores' the original contents of the XJ register at the same object 
•■pf'bgra'V S'tortige field address. 



The 
ins 
per 

VA s 
con 
the 
pro 
exc 
and 



storage address is 
trbctiQh tdj' t"he objec 
formed in a twos complement mode. 

ep..irate todt-is made- to determine if 
sidered as a 20 bit positive integer 



determined by adding the K field from the 
ct program reference address. This arithm 



etic is 



the value of 
is equal to* 
If this is 



current object program field length. If this is the case, t 
gram is interrupted by setting the data field limit flag in t 
hange parameter word. The storage reference is aborted in th 

an exchange Jump is made to exchange address XA. 



the K field 

or greater than, 

the case, the object 

the 

lis case 



«n 



{F\ 



SUE CONDITIONS 

XJ rog'^ter is free one clock period after instruction issues 
A storage access buffer is available for this processor 



EXECUTION TIMING 



C ). 



. - I L^iiJjK-K I «^d data at address u K ) to Xj and [ ° 203 j 

i y Store «Xj) into address (Xk) C (23) 3 

This ins t rvct'o- simultaneously! 
comoleraent mode. arlth».tie is performed In a f«os 




ISSUE CONDITIONS , 
EXECUTION TIMING 



^i-***.**.' tiwrW' >' 3*u%*" 



. i *Aw«t-Mi..^.ii V» 



J 5 



J 

• ; 6 



C ) 



! 



I 



C 
C 

c 

r 



1 U210|)kk I Mkkkkkkk I Read data at address K to XJ 



[ 0210 3 
[ 3 
[ (2<*) ] 



r 



This i 


field 


de term 


pr ogra 


compl e 


A sepa 


consid 


,the cy- 
pr ogr<J 


parame 


exchat^ 



nstruction reads a word of data from the object program storage 
and enters that word in the X] register. The storage address is 
inediby adding the K field from the instruction to the object 
m reference address. This arithmetic is performed in a two's 

ment mode. 

rate test is made to determine if the value of the. K field 

ered as a 20-bit positive integer is equal to, or greater than, 

rr en;itvobsJiee t program field length. If this is the case, the object 

m is interrupted by setting the data field limit flag in the exchange 

ter word. The storage reference is aborted in this case and an 

ge Jump is made to the exchange address XA. 



'' ISSUE fl C0NDrn r I0MSi 

XJ fregi'ster "is free one clock period after instruction issues 
^A svt.oraoe. ac'Cfts? buffer is available for this processor 



EXECUTION .TIMING 

tf Minimum, execution time for this instruction is 15 clock periods. 

Del'oys /nay pecjur in the arrival of the data word at the X register 
* '"""due 1 6 "'storage* bank conflicts or other processor conflicts in 

stdrage access control. 



CP0.0 

} 

i 

'cpor 



CP02 
CP0,3 

CP0 4 
CPQ5 
CP0 6 

CPU 

C CP15 



I 



Instruction issues from IPT 
Sat XJ reservation flag 

i ransml t zeroes to operand register A 
Transmit K to operand register B 

Integer add front half 

Integer add back half 
; ' Tr^'ns-fii t integer sum to RA adder in IW module 
Transmit reference flag to SA module 

flTower 'a bits of address arrive at SAC 

Upper 12 bits of address arrive at SAC 

Acknowledge froi SAC 

Clear XJ reservation flag 

Data word arrives at the X register 



t » ■ 



y* f^^Vffn^ l-'^o'jb data at address (Xk) to XJ 



I 0211 ] 
t J 
t (25) ) 



P 



Tnis instruct, orrrea-dS a word of data from the object program storage 

field and enters that Hord in the XJ register. The storage 

address is determined by adding the current contents of the 

register to the object program reference address. 

This arithmetic is performed ir\ a twos complement mod?. 



XK 



A separate test 
20-bit positive 



is made to determine if the value of (XK) considered as a 
, , , „ , xn J e ^ e r is equal to, or greater than, the current object 
program field length. If this is the case, the object program is 
interrupted by setting the data field limit flag in the exchange parameter 
Tf 1. + e !^ ora 9* refer ence is aborted in this case and an exchange Jump 
is made to the exchange address XA. 



.ISSUEi.CONtJIiT'iawS* 

XJ ^register is free one clock period after instruction issues 
Xkjregister is free one clocK period after instruction issues 
A storage access buffer is availaDie for this processor 

£&£CUtlON TIMING 

\ \ »' '" 

^j.MnlMSS ' * : <^M.Uoa.jtijn.e for this instruction is 15 clock periods. 
Oelays may occur in the arrival of the data word at the X register 
due to storage bank conflicts or other processor conflicts in 
storage, access control. 

! ' 

CP00 . Instruction issues fom IPT 
•• -Set ,XJ reservation flag 

CP01 Transmit zeroes to operand register A 
, Transmit (Xk) to operand register B 



| •*. * .**^ 



CP0£ 
'* CPOJ" 

i 

CP0«» 

CP0 6 

CPi4 
i , 

"'CP15 



'Integer add front half 

i 

'integer 'add back half 
Transmit integer sum to RA adder 
Transmit reference flag to 3 A module 

lo*er Q bits of address arrive at SAC 

Ujjo" 3.2 bi ts of address arrive at SAC 

Acknowledge Iron SAC 

Clear XJ reservation flag 

t)at,i weird arrives at tho X register 



V 

tin 

ft. 
d 

c 
c 

c 



i... — , L 0212 } 

I 02121 J KK I KkkkkkkK I Read program at address K to XJ [ ] 
t (26) j 



O 



1 



This instruction reads a word out of memory at absolute address K 
and enters tnat word in the XJ register. (Tne reference address 
RA and the memory field length FL from the exchange parameter word are 
used in this instruction only if PRF is set.) 



i 



: ■ r i r ■ 

ISSUE CONDITIONS 

i V 

i Xj 'register Is" free one clock period after instruction issues 
^ A storage access buffer is available for this processor 

EXECUTION 'TIMING 

i * 

Minimum execution time for this instruction is 15 clock periods. 
^ Delays ma/ occur in the arrival of the data word at the X register 
due to storage bank conflicts or other processor conflicts in 
storage access control. 

• C 

^ CP03 Instruction issues from IPX 
jet Xj reservation flag 

CPOi Transmit zeroes to operand register A 
i Transmit K to operand register B 

CP02 Integer add front half 

CPOJ Integer adJ back half 

Transmit integer sum to RA adder in IW module 
Transmit reference flag to 5A module 

CPQ<+ Lower 8 bits of address arrive at SAC 

CPO'i Upper 12 bits of address arrive at SAC 

CP0& ' ! -ficlinowl edge from SAC 

CP1<* Clear XJ reservation flag 

CPl'3 Data word cirrives at the X register 



4 



ft! 



y f 



i uai|]KK I kkkkkkkk I Read program at address <Xk) to XJ 



V 



fir 



ts » ' 



[ 0213 ] 
I 1 

t (27) ) 



This instruction reads a word out of memory at the absolute addre 
ified by the loner 20 bits the XK register and enters the word in 
register., (The memory reference address RA and the memory field 
from jthe exchange parameter word are used in this instruction on! 
the PRF is set.) 
! 

-V . .. /-* A ^ 



ss spec- 

the XJ 
length FL 
y if 



ISSUE' CONDITIONS 

i 

•X| register H 'free one clock after instrjction issues 
Xk register is free one clock after instruction issues 
A storage access buffer is availaole for this processor 



> EXECUTION TIMING 

Minimum execution time for this instruction is 15 clock oeriods. 

> Delays may occur in the arrival of the data word at the X register 
due tolstorage bank conflicts or other processor conflicts in 

ff~ storage access control. 

CP00 Instruction issues from IPT 
Set XJ reservation flag 

} 

CPC/1 Transmit zeroes to operand register A 
Transmit (Xk) to operand register B 

....... CPC2 ■•■■- -Integer add front front half 

I CP03 Integer add back half 

Transmit integer sum RA adder in IW module 
Transmit reference flay to SA module 

CPO't ' ■ ,~ fl bits of address arrive at SAC 

CP0 l 5 Upuer 12 bits of address arrive at SAC 

CP06 Acknowledge from SAC 

CP.1«» Clear XJ reservation flag 

CP15 Uuta word arrives dt the X reyister 



C 
Q 



"^•^ 



n j 



*J 



n 



•'• 



'* I 0220] J kk I kkkkkkkk I Read program at address (P ♦ K) to XJ 

. p "" 



[ 0220 ] 
[ ] 
[ (28) 3 



This instruction reads a word out of memory at an absolute address formed 
by adding sign extended K to the current program address Pt and enters 
that word in the XJ register. (The memory reference address RA and the 
memory field length FL from the exchange parameter Mora are used in this 
"In st r U'C t To h on I y 1 f ~ t h e ~PRF" i s set.) 






ISSUE CONDi. laws ■ 

XJ register is free one clock period after instruction issues 
1 A;storaye access buffer is available for this processor 

EXECUTION TIMING 

Minimum execution time fo this Instruction is 15 clock oeriods. 

Delays may occur in the arrival of the data word at the X register 

due to storage bank conflicts or other processor conflicts in 
storage access control. 



C^ 



C»'O0 I(._,ti uction issues from IPT 
Set XJ reservation flag 

CP01 f •Transmit P to operand register A 
' Transmit K to operand register B 

Integer add front half 



CP02 

CP03 

f , 

! 

CPQ4. 

CP05 

CPOo 

Cf»l*» 

CP\b 



Integer add bfick half 

Transmit integer sum to RA adder In IW module 

Transmit reference flag to SA module 

I a-.ivr. 8 bits of address arrive at SAC 

Upper 12 bits of address arrive at SAC 

Acknowledge from SAC 

n|f,ir\, XJ reservation flag 

0,-itB word arrives at tne X register 



} *t 1*«**^ *"** T""** 



U I U^21JJKK I KKKKKkkK I Transmit P t K to X] 



•r 



F' 



in * 



t 0221 ] 
£ l 
I (29) 1 



This instruction forms the sum of the current program address P plus a 
sign extended i'increment K» and enters the result in the X| register. The 
t resulit is'a 6<t-bit word with 0*s in the upper **W bits. 



ISSUE C0NOITIONS 

* XJ register is free one clocK period after Instruction issues 
X register input path is free three clocK perioas after issue 

EXECUTION TIMING 
> No execution delays possible after this instruction issues from IPT. 

CPO 1st instruction parcel in IPT 

* Instruction issues 

Transmit J and K designators to register modules 
Set XJ reservation flag 

Pi 2nd instruction parcel In IPT 

Enter P in operand register A 

„.. -„. Tfarism i f "~K to operand register B 

CP2 Perform,* partial add 

• Cjlearl XJ reservation flag 

CP3 ' Complete add operation and enter result in XJ 



C 






NOTES 



p ' n 



»'• 



fc 



4 



\ i> : Jn » 



c 



<«> 



I G222JJKK I KKKKKKKK I Transmit K to XJ 



n 



[ 0222 ] 
[ ] 
t (2A) J 



This instruction enters the 20-bit program constant specified by the 
K field irt the' instruction in the lower 20 bits of the XJ register. 
The upper bits of XJ are sign extended. 



Hj.au: \ ■fcia .b Jwi^. 



ISSUE CONDITIONS 

„. X],.reyJ.'"ti:r,. is tree .one clocK period after instruction issues 
X register input path is free two clocK periods after issue 

EXECUTION TIMING 

No execut i on. del ays possible after this instruction issues from IPT 



O 



CPO . 5 , Tns,truc tion issues from IPT 
Selj XJ reservation flag 



CP1 Iransmit K to operand register B 
Clear XJ reservation flag 



CP2 Enter (B) in XJ 



NOTES 



r-i 



i i 



I O^JjJxx I Transmit XA to X] [ 022J 3 

--— " "7-- . Ll^Ll 

** Th iL lnStrUCti °? enters the 8 " b it exchange address (XA) portion ot the 

Ionored e in a tM T ; ord < XpM > *" '** *J register. The K designator is 
ignored in this instruction. 

The XA portion of XPW contains the exchange pacKage address with the 
lowest oroer 5 bits removed. These lowest order 5 bits of O's aniL.H 
^-in-this instruction when XA~ Ts" transmitted xV\\ ***** 

» ~~* I ------ I ----------------«___«._ 

J .XPHii. [ mode I cond.l RA I XA | FL I p "~~"""""j 

^ 63 39 \ 32 00 

\ 

» i ' I N 

v 

' (xj> " ■""" rjrTi-r; 

i\ 1 — « 

X^SUE C0MUITI0H5 

i' re ; jl ' ,,B . i - i ree one c,oc * Period after instruction issues 
X r* 9i ., rcr mput path is free two clocK periods after issue 

EXECUTION TIMING 

No exertion delays possible after this instruction issues from IPT 

CPO Instruction issues from IPT 
' Set xj reservation flag 

CP1; Transmit XA to operand register B 
, Gfedf? . XJ rpsorvation flag 

CP2 Enter (0) in Xj 



fa 












f >:• !•: ' 



U^JfixxKiN ! Set interlocK flags from (XK) CIPFJ 



P 



-t 



[ 0230 ] 
I ] 
[ <2C) J 



This instruction sets the InterlocK flags specified by the the lower 
20 bits of (XK). 'i* bits in lower 20 bits of (Xk) set the corresponding 
bits in tne 20-oit interlock flag register. '0* bits in (XK) do not 
change the contents of the interlock flag register. 

The J designator and the upper '♦'t bits of XK are Ignored in this 
instruction 

This instruction will be executed only if the InterlocK flag IPF in the 
exchahge parameter word is set. If IPF is not sett the instruction is 
executed as a pass instruction. 



|"N 



•»> 



I Q231xxkk I Clear interlock from (X«) [IPF] 



r 



t 0231 ] 

I ] 

[ (20) ] 



This instruction clears any of the 20 interlock flags specified by the 
lower 20 bits of (Xk). 'i* bits in tne lower 20 bits of (Xk) clear the 
J corresponding bits in the 20-bit interlock flag register. '0' bits in 
(Xk) do not change the contents of the interlock flag register. 

*^ The J designator and the upper <♦<♦ bits of (Xk) are ignored in this 
instruction. 

i " ' 

J This instruction will be executed only if the interlock flag IPF in 
the exchange parameter word is set. If IPF is not sett the instruction 
will be e; ecu.' cu as~ a pass instruction. 



c 



Q 
Q 

C 






<r- 



—■ <i- ■ ■% 



n 



•i »• 



"T 



J23aj]xx, I ^ead interlock flags to (Xj) 



[ 0232 ] 
I J 

I (2E) J 



This instruction enters the contents of the 20-bit interlock register in 
the lower 20 bits of the (XJ) register*. 0's are entered in the upper ***» 
fall so f ~TX j J'i - — 

i 

The k designator is ignored in this instruction. 

I i • !" 

/' ' .'■' ,\ 

.! ISSUE CONDITIONS 

i 

XJ registfer'is free one clock period after Instruction issues 
X register input path is free two clock periods after issue 

EXCCUT ion ; ,,;i.,g ■ • 

No execution delays possible after this instruction issues from IPT. 

CPC 



c 



Instruction issues from IPT 
Sot XJ reservation flag 



CP1 Transmit interlock register to operand register 
Clear XJ reservation flag 



CP2 



Enter (Q) in XJ 



^U<?3JJJxx I 



Read internal clock to XJ 



t 0233 ] w 
( ] 
I (2F) 3 
W 



j> The XJ register is cleared and entered with the current contents 
of the internal real time cIock counter. 

/ This instruction is intended primarily for use in determining the elapsed 
—"tirrc- iielwctn bo ! eCtoa~TjdTnf S in program execution. 



ISSUE CONDITIONS 

: i 

XJ rt:gl-*.^r is free one clocK period after instruction issues 
X register input path is free two clock periods after issue 



EXECUTION TIMING 



} CPO 

* C CPi 



No ?*<>( <• ' [?:) delays possible after this instruction issues from I PT 

Instruction issues from IPT 
bet XJ reservation flag 

Transmit RTC to operand register 3 
r<o-- v j . reservation flag 

CP2 Transmit operand register 8 to XJ register 



ft 

O 

a 

c 



© 



';' I D30QJJKK I KKKKKKKK I 
-«. -j.,^ 



Jump to P ♦ < 



[ 0300 1 
C ] 
[ (30) 1 



This .Instruction terminates the current program sequence and Initiates a 
1 new sequence. The value of the K field from the instruction considered 
as a 20-bit positive integer is added to the current contents of the P 
register. No fjrther instructions are Issued from the current instruction 
" word. If the instruction address stac* IAS contains an address equal to 
the new content of the P register! the corresoonding instruction word is 
read to the : cur'-en t instruction word register CIW. If there is no address 
1 coincidenqe in, 1 he IAS an instruction fetch is initiated for the new 
program stMiueace- 



ISSUE CONDITIONS 



none 



EXECUTION TIMING 



c 



Execution time for this instruction is seven clocK periods if the 
destination address is currently in the instruction address stacK IAS. 
Minimum execution time is 20 clock Deriods if the destination address 
is not in the IAS. Delays may occur in this latter case due to stor- 
age bank conflicts or other processor conflicts in storage access 
control . 



■** 






.,. tXt.CUri0N TIMINy (continued) t 0300 ] 

t 1 

I (30) ) 



*• *r i-\U£H IN,. STACK 



p 



i- 



J CP00 Instruction issues from IPT 

CP01 f Transnit P to operand register A 
* Transmit K to operand register B 

CP02 Jntognr ^d..JroO-l„MJJ 

■J" . """" "" ' """ 

CP03 Integer add bacK half 

Transmit integer sum to P register 

CPQk Coincidence in IAS 

J CPO'J' " Kead IWS ~to CIW register 

CP06 Read CIW register to IPT 

CP07 Next instruction can issue 
/'BRANCH QUI uF alAC'K"" 

CP00 .Instruction issues from IPT 



; 



^OPOl Transmit P to operand register A 
* (Transmit K to operand register B 

CP02 Integer add front half 

CPOlf Integer add bach half 

| Jransmil integer sum to P register 

-»,..... CPQ*« >.*..*«., m o coine^*-d , e^<re»'"in IAS" 

Set out of stack flag OSF 



CPOG 



& 


& 



CP0f« Transmit P to IFA register $ 

Transmit P to RA adder 
Trans-nit reference flag to storage access control 






Lower 8 bits of address to storage access control 

CPO? Upper 22 bits of address to storage access control 

CPOa fic*nowledje from storage access control 

CP17 Instruction word arrives at IWS 

CPifl RimJ In;, to CIW register 

Pi,. Read. CIW reiister to IPT 

C 



T. P ^ 1) • Mpvt I n r + r, , . ^ ♦ .' - .. 



i^Vo! 



jjkK I KKKKKkKK I Call subroutine at P ♦ K 



[ 0301 1 
I 1 
[ (31) 1 



This instruction enters the current pro 
and causes tftc current program address 
~T 6" d'"n«N p i w j i ■ u hi d d J ro" s-s-S o qu en c e - 1> e g i n 
adding the value of the K field from tn 
bit positive integer to the current con 
further in ;lrjc:1 ions are issued from tn 
inslruction address stack IAS contains 
of the P register, the corresponding in 
currehi in-i^tiJn word register CIH. 
in the IAS an instruction fetch is init 

The return «Jdre*iS is entered in the XJ 
use by the subroutine on completion. 



gram address P in the X] register 

sequence to uncond i t iono I I y oranch 

ning at the address formed by 

e instruction considered as a 20- 

tents of the P register. No 

e current instruction word. If the 

an address equal to the new content 

struction word is read to the 

If there is no address coincidence 
iated for the new program sequence. 

register by this instruction for 



1 



ISSUE CONDITIONS 



<T XI register is free one clock period after instruction issues 
" X register input path is free 3 clock periods after issue 



EXECUTION TIMING 




age banK conflicts or other processor conflicts in storage access 
contpo I « 



I •■ 

t 

,L" "i JiitjYiJfrTTrti'NJ- (continu-d) 

1 

> /""l^NCH IN" 'STACK 

CPOO (Instruction issues from IPT 

CP01 Transmit P to operand register A 
Transmit K to operand register 8 

CP02 , Transmit (0) to XJ 

, Integer add front half 



CP03 Integer add bacK half 

Transmit integer sum to P register 

CPO^ Coincidence in IAS 

1 CPO". r ' -*- PIS to CIH register 

CP06 Read CIW register to IPT 

' • • i : i ^ 

i 
* BRANCH OUT ^F STACK 

CPOO Instruction issues from IPT 

f 

V CP01 Transmit P to operand register A 
Transmit K to operand register B 

CP02 Transmit (D) to XJ 

Integer add front half 



C 



[ 0301 3 
I 1 
t (31) ) 



CP03 Integer add bacK half 

Transmit integer sum to P register 

CPU<* No coincidence in IAS 

Set o.it of stacK f lag OSF 

CPO? ' Transmit P to IF A register 
Transmit P to RA adJer 
Transmit reference flag to storage access control 

CP06 Loner a bits of address to storage access control 

CPQ? upypr 12 bits of address to storage access control 

Cf'Oa Acknowledge from storage access control 

CP17 Instruction word arrives at IWS 

C P 1 A ti (.- ,? ci I w S to CIW r v. gist er 

Pl l J Read CIH register to IPT 



C I OJU^JJkk I KKKKkKKh I Jump to P ♦ K if (X)) in ranje 



P 



[ 


0302 


1 


t 




] 


c 


(32) 


] 



This instruction causes the program sequence to branch to the current 
program address P Plus a sign extended increment K if (XJ) is in range, 
or continue the current program address sequence if (XJ) is not in range. 
(XJ) is not in range (or any of the following cases! 

(X)) - 01 il iili"Iill' xxxx xxxx positive overflow 

(XJ) = 1000 0000 0000 xxxx xxxx negative overflow 

(XJ). .,= f ,0011 iill 1111 xxxx xxxx positive indefinite 

;(XJ')j "= 1100 00U0 0000 xxxx xxxx negative indefinite 

(XJ)' = Olxx xxxx xxxx xxxx xxxx positiv/e out of range 

(XJ) ! = lOxx xxxx xxxx xxxx xxxx negative out of range 






ISSUE CONDITIONS 

X] register is free one clock period after instruction issues 



EXECUTION TIMING 

r Execution time for this instruction is seven clock periods if the 
destination address is currently in the instruction address stack IAS. 
• Mini.nu.. execution- -time is 20 clock periods if the destination address 

is not in the IAS. Delays may occur in this latter case due to storage 
ban* conf lids or other processor conf-Jicts in storage access control. 
I. (XJ) is not in range (branch fall throjgh) , execution time is three 
clock periods 



BRANCH FALL THROUGH 



ci'oo ; 

C^Ol 
CP02 \- 



Instruction issues from IPT 

lransmit J designator to register modules 

Transmit P- t o operand register A 
Transmit K to operand register D 
Transmit (XJ) flag* to IA module 

[login integer add of (A) and (0) 
Cranch condition not satisfied 



CPU J 



Next instruction m3y issue 



V* F "i t* J f I JH i jiUNj (continued) 

| CPO'O Instruction issues from Ipt 



>• 



j» 



y 



CPQ1 Transmit P to operand register A 
Transmit K to operand register B 

CP02 'integer add front half 

\ [Branch condition satisfied 



CP03 Integer add back half 

Transmit integer sum to P register 

CPOf* Coincidence in IAS 
i .. . c PO ? - • - P, ? a d I AS- -to- *CI W register 
CP06 Read CIW register to IPT 

i bf^nci: o'jt : r :t.'.ck 

CPOO Instruction issues from IPT 



-CPOi 



c 



Transmit P to operand register A 
Transmit K to operand register 3 .- 



CP02 Intener add front half 

Branch condition satisfied 

CP03 Integer add back half 

Transmit integer sum to P register 

CP0*t No coincidence in IAS 

Set out of stack flag OSF 



( 0302 ] % 
C ] 
t (32) 3 
% 



CP06 
CP07 
CPOd 



Lower a bits of audress to storage access control 
Upper id bits of address to storage access control 
Ac«now t GiJiio from storage access control 

CP17 Instruction word arrives at IWS 

CPlrt Rc..,jd JUS to CIW register 
K^ L J *\*:aj out register to IPT 



Q 

Q 



CP05 Transmit P to IFA register 
• Transrr.i1 P to RA adder 

v ^^)t,,r^(.er,oace flag to storage access control Q 






o* 



' I lUOJJjkK I hkkkkkkk I Jump to P «■ K If (XJ) not in range 



C 0303 ] 
t 1 

[ 135) } 



This instruction causes the program sequence to branch to the current 
program adv>ess n plus a sign extended increment K if (XJ) is not in ranget 
or continue the current program address sequence if (XJ ) is in range. (XJ) 
is not in range for any of the following cases! 



(XJ ) 
(XJ ) 
(XJ ) 
(XJ) 
(XJ ) 
(XJ ) 



0111 
1000 
0011 
110 
Olxx 
lOxx 



1111 

0000 

1111 

0000 
xxxx 
xxxx 



1111 
0000 
1111 
0000 
xxxx 
xxxx 



xxxx • ••• xxxx 

xxxx xxxx 

xxxx xxxx 

xxxx xxxx 

xxxx xxxx 

xxxx ••....*•... xxxx 



posi five 
nega t i ve 
posi ti ve 
negative 
posit ii/e 
negat ive 



integer 
overt I ow 
indef ini te 
indef ini te 
out of range 
out of range 



ISSUE CONDITIONS 

XJ 'register is free one clock period after instruction issues 



EXECUTION TIMING 

^Execution time for this instruction is seven clock periods if the 
"«. destination address is currently in the instruction address stack IAS. 
Minimum execution tine is 20 clock periods if the destination address 
is not In the IAS. Delays may occur in this latter case due to storage 
bank conflicts or other processor conflicts in storage access control. 
If (XJ) is in range (branch fall throjgh) t execution time is three 
clock periods 



DRANCH FALL THROUGH 

CPCfl instruction issues from IPT 

Transmit ] designator to register modules 

CPC 1 T'.Ti, is"-., i t P to operand register A 
1 r -i n » ii i t K to operand register B 
Transmit (XJ) flags to IA module 

CPU 2 Oca in integer add of (A) + (B) 

[ranch condition not satisfied 



CP0J 



Next instruction may issue 



I s. 



V f XI C'H W ■ T T M T NA , ( c on t i nu ed j 



^.J«i ANCH IH^TA^K 



r 



CPQO 
CPOi 

CP02 

CP03 

CP0<* 
CP05 
CP06 



J 



'"Instruction issues from ipr 

Transmit p to operand register A 
Transmit K to operand register B 

Integer add front half 
Urdnch condition satisfied 

Integer add bacK half 

Transmit integer sum to P register 

Coincidence in IAS 

Read IWS, to CIW register 

Read CIW register to IPT 



» BRANCH 
CPOO 

J 

CPUi 



CPQ3 

CPQk 
CP05 

CP06 
CP07 
CP08 
C P 1 7 
CP18 
4 *1? ■ 



t 0303 ] v 
t ] 
[ (33) ] 
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OUT OP STACK 

Instruction issues from IPT 

transmit p fo operand register A 
Transmit K to operand register B 

integer add front half 
Branch condition satisfied 

Integer add back half 

Transmit integer sum to P register 

ho coincidence in IAS 
Set out of stacK flag OSF 

j'rjnsmit P to IFA register 

Transmit P to KA adder 

Transmit reference flag to storage access control 

Loner a bits of address to storage access control 

Upper* 1? bits of address to storage access control 

Acknowledge from storage access control 

Instruction word arrives at IHS 

Re -m iwi to CIW register 

Read CIW register to IPT 



Q 
O 

C 
O 

o 

o 

m 



<& 



CTS 



I OJiUJJkK I KKKHKkKK I Jump to P ♦ K if (XJ) equal to 



P 



t 031Q ] 
[ 3 
[ (3<*> ] 



This instruction causes the program sequence to terminate and branch to 
the current program address P plus a sign extended increment K if (X)) 
is equal to a, or continue the current program address sequence if (XJ) 
is not equal to 0. (XJ) is equal to for both of the following casesi 



TX) / 
(XJ) 



inrtnnrtnrtr^rrrrrrrrr;*.'"; - u o o o o o o o - 
lillllll llllllll 



plus zero 
minus zero 



ISi>U£ GO m'Ci x i iu i«-i 

XJ register is free one clocK period after instruction issues 



£XLCIT. ION ::.iIN5 



*» 



V 



Execution time for this instruction is seven clocK periods if the 
destine 1 .on address is currently in the instruction address stacK IAS. 
Minimum execution time is 20 clock periods if the destination address 
is not in the IAS. Delays may occur in this latter case due to storage 
ba; ; cc :i«-'; or other processor conflicts in storage access control. 
If (XJ) is not equal to zero (branch fall through) t execution time is 
three clock periods 



«** 



BRANCH FALL THROUGH 
CP00 



Instruction issues from IPT 

Transmit J designator to register modules 



CP01 Transmit P to operand register A 
Transmit K to operand register B 
n(T'o r n partial zero test in register modules 

CP02 Begin integer add of (A) + (B) 

Transmit part-i«*l zero test to IA module 

Complete zero lest 

Branch condition not satisfied 

CPU3 Next instruction may issue 



V 

A 



<* f.x t J:ur ijn r ifjx 



NG 



(continued) 



P 



BRANCH IN STACK 



CPOO 

I 

v CP31 

CP02 
CP03 

CPO*» 
CP05 
CPP6 



i 



Instruction issues from ipt 



' r <j n ^ m i t P to 



operand register A 



Transmit k to operand register o 
Integer add front half 

Integer add back ha I f 

•- -"-.lit integer sum to P register 

Coincidence In IAS 

Read IWS to CIH register 

n ca..' cih register to IPT 



< ] 



BRANCH 
CPPQ. 
** CP01 

? {T^ZPQZ 
CP03 

CPJK 

CPUS. 



CP06 

C>'U7 
CP08 
CP1 7 

Cl'lci 

CP19 



OUT OF STACK 

Tri 2'ruction issues from IPT 



Transnit p t 



o operand register A 



Transmit K to operand register D 
Integer add front half 

Inteqer add back half 

Transmit integer sum to P register 

( No coincidence in IAS 
Set out of stack flag OSF 

TransmitVto IFA register 
Transmit P to RA adder 
Transmit referencp iia„ + „ ,.+ 

nce T|ag to storage access control 

Lower a bits of adoress to ^t^-, 

uress To storage access control 

Upper 12 bits of address to s t^, fl 

-^ to storage access control 

Acknowledge frnn c t ™ „ 

-uyc irom storage access control 

Instruction word arrives at IWS 

kuaj iws to CIW register 

Read CIW roglst-r to IPT 



a 
e 



I 0.111 J JKK I KKKKKKKK I Jump to P ♦ K If (X]) not equal to 



[ 0311 ) 
[ ] 
t (35) ] 



This instruction causes the program sequence to terminate aid branch to 
the current program address P plus a sign extended increment K if (xj) is 
not equal to 0, or continue the current program address sequence if (XJ ) 
Js^ equal to zero. (XJ ) is equal \o for both of the following casesi 



(Xj) = 00000000 QO0OOQ0O 

(Xj) = 11111111 11111111 



plus zero 
minus zero 



ISSUE CONDITIONS 

XJ register is free one clocK period after instruction issues 



EXECUTION TIMING 



<f 



Execution fine for this instruction is seven clocK periods if the 
destination address is currently in the instruction address stack IAS, 
Minimun execution time is 20 clocK Deriods if the destination address 
Is .ic: ... r.,c IAS. Delays may occur in this latter case due to storage 
bank conflicts or other processor conflicts in storage access control. 
If (XJ) is equal to zero (branch fall through), execution time is three 
c I cck o .T iods 



BRANCH FA' ' T"o,riiGH 

CP00 Instruction issues from IPT 

CP01 Transmit P to operand register A 
Transmit K to operand register B 

CP02 Begin integer add 

Branch condition not satisfied 



CPOJ 



Next instruction may issue 



,l-*kiAil4uti 1 I f ; I ; , o *■ 



AN'JH ■!/;■ iiTACK 



(trontinuodJ 



CPiJO 
CPOi 

CPG2 

CPP3 

CPOt, 

CP05. 
CP06 



Instruction issues from IPT 

Transmit P to operand register A 
Transmit K to operand register B 

Integer add front half 

Tntl 3'T add pack ha I f 

Transmit integer sum to P register 

Coincidence in IAS 

Read IWS to CIM register 

Read CIW register to IPT 



£ 0311 ] , 
I 3 
t (35) ] 



BRANCH OUT OF STACK 



CPOO 
CPOA 



" r 



CP02 
CPU 3 

CPOi* 
CPOii 

CP06 

CPQ7 

CPOO' 

CPi? 

CP10 

CP19 



Instruction issues from IPT 

Transmit P to operand register A 
Trans-nit K to operand register B 

Integer add front half 

Integer add back holt 

Transmit integer sum to P register 

No coincidence in IAS 
Set out of stack f lag OSF 

Transmit P to IFA reyister 

Transmit P to RA ad.Jer 

Transmit reference f ia n t n ot~~-, 

"" Md9 To storage access control 

Lower a bits of address to storage access control 
Upper 12 pits of address to storage access control 
Acknowledge from storage access control 
Instruction word arrives at IWS 
Rc.jJ IwS to CIW register 
I".-.-: )d clH r ejis ten to Ipf 



' O 



c 



I 0312J)l\k I kkkKkkkk I Jump to P + K if (XJ) is positive 



[ 0312 ] 
t ) 
I (36) J 



This instruction causes the program sequence to terminate and branch to 
^ the current program address P plus a sign extended increment K if (XJ) 
is positive, or continue the current program address sequence if (XJ ) is 
negative. 



-*t*** '€"• -yt* .;-'*v 



ISSUE* CONdlTlONS 

i 

XJ regi : *;r i -j> free one clock period after instruction issues 



EXECUTION TIMING 



r\ 



Ex'cutir ti , . for this instruction is seven clock periods it the 
destitution address is currently in the instruction address stack IAS. 
Minimum execution time is 20 clock periods if the destination address 
is not in tno IAS. Delays may occur in this latter case due to storage 
hank conflicts or other processor conflicts in storage access control. 
If (XJ) is negative (branch fall through), execution time is three 
c ! f ck p ' ' ' ^ ' c 



BRANCH FALI TMRCUGH 

CPOO Instruction issues from IPT 

GP01 Transmit P to operand register A 
Transmit K to operand register B 

CP02 Begin integer add 

| , Branch condition not satisfied 



"*> 



CPU3 



Next instruction nay issut 



I 



f <» 



t.n a 



'■.j lxCCUTION TIMING (continued) 



ANGH IN STACK 



9 







r 



[ D312 ] 
[ 1 
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CPTO ~ -'r- ct ion issues from IPT 

CPOI Transmit P to operand register A 
Transmit K to operand register 9 

CP02 Integer add front half 

CP03 Integer add bach half 

Transmit integer sum to P register 

CP0<» ' Coincidence in IAS 

CP05 ..Rear" IHS, to.ClW register 

CP06 Read CIW register to IPT 



BRANCH OUT OF. STACK 

CPOO Instruction issues from IPT 

> _ L CP0JL Transmit P to operand register A 
Transmit K to operand register B 

UPOif ' in Vegerac/d' front half 

CP03 Integer add back half 

lransmit integer sum to P register 

CPOU No coincidence in IAS 

5ei our Of stack flag OSF 

CP05 Transmit P to IFA register 
Transmit P to RA adder 
Transmit reference flag to storage access control 

CPOt ^v...-t c. bits of address to storage access control 

CPU7 Upper 12 bits of address to storage accer.s control 

CPOd Acknowledge from storage access control 

C n 17 " '. jlJIom word arrives at IWS 

CPifl Rt-aj IWS to CIW rngisler 

CP19 Re »d CIW register to IPT 



«* 



I 



ft 

c 







f;:.' .= 



"*~T "CfSi-TfTnu I "h,-J.Klu«i<iV T "jurcV'to P ♦ K If (X|) is negative 



1 



p 



; r ■» 



[ 0313 ) 
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This instruction causes the program sequence to terminate and branch to 
^ the current program address P plus a sign extended increment K if (XJ) is 
negatji ve» . or continue the current program address sequence if (XJ) is 
posi five. 

V.. ..'.,...-/, —,w- ■ -„ 



S !• • • 

ISSUE? CONDITIONS 

XJ register is free one clock period after instruction issues 



EXECUTION TIMING 



^T 



execution tine for this Instruction is seven clock periods if the 
destination address is currently in the instruction address stack IAS. 
Minimi,',! execution time is 20 clock periods If the destination address 
is not in the IAS. Delays nay occar in this latter case due to storage 
bank cent I lets or other processor conflicts in storage access control. 
If (XJ) ' -, positive (branch fall through), execution time is three 
c I ock per iods 



BRANCH FALL THROUGH 

CP'ip *^v-ctloa issues from IPT 

CP01 Transmit P to operand register A 
Transftii t K to operand register B 

CPOJ Begin integer add 

nranch condition not satisfied 

CPOJ Next instruction nay issue 



,..^jiION I HUNG (continued) 

,fMf.'CH IN STACK 

C n ; .1 *-v.:r,ction issues from IPT 

CP01 Trans-nit P to operand register A 
Ta i s -.- i t K to operand register B 

CPC2 Integer add front half 



I 0313 J 
[ 1 
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CP03 Integer add bacK halt 

Transmit integer sum to P register 

CPO^ ' Coincidence in IAS 

CPOS 'pojh jws to CIW register 

CP06 Read CIW register to IPT 

BRANCH OU*- nr ST'^CK 



it 



CP00 Instruction issues from IPT 

J ^CPDl Transmit P to operand register A 

^f Transmit K to operand register 

P CP02 integer odd front half 

CPQ3 Integer add back half 

> Transmit integer sum to P register 

CPG<» No coincidence in IAS 

J Set out of stacK flag OSF 

CP05 Transmit P to IFA register 

' lransmit P to RA a ader 

Transmit reference flag to storage access control 

CPOu Lower o bits of address to storage access control 

CPO/ Upper 1?. bits of adJress to storage access control 

CPUi AcKno,i ledge from storage access control 

CfiT i,,^'>i uvi ion nucii arrives at IKS 

CP16 Read IWS to CIW register 

GPi? Read CIW register to IPT 

4 



c 

© 
o 



$ J 



' GJ^OJP'k' | VKKKKKKK I Call subroutine at address K 



O- 



I 032U 3 
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This instruction enters the current program address P in the X] register 
and causes the current program address sequence to unconditionally branch 
to a new Droc-raii address sequence beginning a! the address specified by 
the K fieju from the instruction. 



ISSUE CONDITIONS 

XJ register is free one clock period after issue 



EXECUTION TIMING 

LxecuUuii time for this instruction is seven clock periods if the 
destination address is currently in the instruction address stack IAS. 
Minimum execution time is 20 clocK oerj.ods if the destination address 
is not in the IAS. Delays may occur in this latter cose due to 
storage Dank conflicts or other processor conflicts in storage access 
con tro I . 



f* 



I OJHIJJKK I Call subroutine at address (Xk> ( 0321 J 

— [ ] 

p) t (39) 3 



This instruction enters the current program address P in the X] register 
and causes the current program address sequence to unconditionally branch 
to a new projram aodress sequence beginning at address specified by the 

-cor tor. ts of "n. :.;< register* -~ 



isruc CP M c TTr o!;s 

XJ register is free one clocK period after instruction issues 
XK register is free one clocK period after instruction issues 



EXECUTION TIMING 



^\ 



Ex«cu1ior limt for this instruction is seven clocK periods if the 
debt in, r. ion .tdaress is currently in the instruction address stacK IAS. 
Minimum; execution time is 20 clocK periods if tne destination address 
is not ir« i*--o IAS. Delays may occur in this latter case due to 
stordyo bank conflicts or other processor conflicts in storage access 
control . 



■fl> 



C ) 



I. 






■■? JK'WSH in STACK 



icon t i nued) 



P 



CPdQ 
CPQ1 

cpria 

CP03 

cpo> 

CP05 
CP06 



j- Instruction issues from IPT 

Trans-nit zeros to operand register A 
Transmit (Xk) to operand register D 

Integer add front half 

.' intr.jrr add .Ja-iCK half 
Transmit integer sum to P register 

Coincidence in IAS 

Read IWS to CIW register 

R«--ad CIW register to IPT 



I 0321 ] 
I ] 
[ (39) J 



? 

y 



BRANCH OUT OF STACK 



UPOU 
CPOi 



I ' CP02 
CP03 

CP0<> 

CP05 

CP06 
CP07 
CP06 
CP17 
CPlfl 
CPI9 

( ) 



instruction issues from IPT 

Transmit zeros to oper?nd register A 
fransmit (XK) to operand register B 

Integer add front half 

Integer add back half 

Transmit integer sum to P register 

No coincidence in IAS 
Set out of stack flag OSF 

Transmit P to IFA register 

Transmi t P to RA adder 

Ifjnsjmit reference flag to storage access control 

Lower a bits of address to storage access control 

Upper 12 bits or address to storage access control 

AckniSwIedge from storage access control 

Instruction word arrives at IWS 

Roari IWS to CIW register 

Read CIW rcilster to IPT 



(J 

c 



I 0322JJkk I kkkkkkkk I C o I I library routine at address K 



-o~ 



I 0322 ] 
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s This instruction clears the program reference flag PRF. The X register 
indicated by the J designator is cleared and enlereo with the current con- 
tents of the P register. The P register is cleared and entered with the 

c A?a lue of., ■""><• y field in the instruction. The instruction address stack IAS 
is cleared so that all address registers contain 3333333333. Uo further 
instructions arc issued from the current instruction word. Any instruction 

^ fetches in process are discarded on arrival. A new instruction fetch is 
initiated for the absolute address now contained in the P register. 

This Instruction is intended for use by an object program in calling a 
resident library routine which is outside of the object program field. The 
K field in the instruction contains the absolute address of the library 
k routine ent-arcp. The return address is entered in the XJ register by this 
instruction for use by the library routine on completion. 



The pro«*r,-.n reference flag PRF is cleared by this instruction so that the 
resident liurary routine code can be executed directly from the resident 
All instructions except the ten data storage reference group 
ore executed in absolute mode. 



locations. 

instruct ion 



f^i instruction address stack IAS is 

Vtwe?n the old object program which is relative to RA and the library 

routine au.;;-cjijs which are aosolute. 



leared to avoid conflicts 



ISSUE CONDITIONS 

XJ register Is free one clock period after instruction issue 
X register input path is free three clock periods after issue 

EXtClTION TIDING 

Minimum execution tine for this instruction iz 16 clock periods. 
Delays mciy occur in the arrival of the new Instruction nerd at the 
pre cess..; I, iS due to stora.-jc bank conflicts or other processor 
conflicts in storage access contro I . 



( ) 



vo 



[ ] 
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rl CUT ION TIMING (continued) 

:.,.,*! action issues from IPT 



CP01 



CPQ2 

? i 

CP03 

CP0»t 

? CPO i 
CPOb 

( ):pi5 
,1 

CPIO 
') CP17 



Transmit zeros to operand register A 
"Trdnsni t K to operand register B 
Clear program reference flag PRF 
Clear instruction 3dciress stack IAS 

Integer acid front naif 

Transmit P to operan-J register A 

Integer add bacK half 

Transmit operand register A to XJ register 
Tr ' ><r -.> i» 1— -i.fv-}-t--j^r sttm- to P register 
Transmit integer sum to RA adder 
Transmit reference flag to 5A module 

Lor.er 8 bits of address to SA module 

"iH-r.12 bits of address to SA module 

Acknowledge from SA module 

Instruction word arrives at IWS 
k e a d ' I k S "t o C I H r e Ji s t er 
Head $IH to IPT 



> 



( 1 



t. 



'» J***! 
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EXECUTION TIMING (continued) 

Instruction Issues from IPT 



CP00 
? CP01 



CP02 



CP03 



CP0<+ 



CPOi 



n 



CP06 

CP15 
CP16 
CP17 



Transmit zerosto operand register A 
transmit XK to operand register 3 
Clear program reference flag PRF 
Clear instruction address stack IAS 

.Integer add front half 
Transmit P to operand register* A 

Integer add bacK half 

Transmit operand register A to XJ register 
Transmit integer sum to P register 
Transmit integer sum to RA adder 
Transmit reference flag to SA module 

Lower 8 bits of address to SA module 

Upper 12 bits of address to SA module 

j Acknowledge from SA module 



— O -* *■#•"*»•' * **» 



Instruction word arrives at IWS 
Read IWS to CIH register 
f'.satT CIH to IPT 



"" ( ^ 



O 



© 



d 



;'"l Oi2.i]j'KK I Call library routine at address <Xk) 



O 



t 0323 ] 
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This instruction clears the program reference flag PRF. The X register 
indicated by the I designator is cleared and entered Hith the current 
contents of the P register. The P register is cieareci and entered with 
the current contents of the X register indicated by the K designator. 
The instruction address stack IAS is cleared so that all address registers 
contain JiojJio.Jj3. No further instructions are issued from the current 
current instruction word. Any instruction fetches in process are 
discarded on arrival. A new instruction fetch is initiated for the 
aosolute address now contained in the P register. 

This instruction is Intended for use by an object program in calling a 
Teuld^nf itui.itv ro'UT In" S which is outside of the object program field. 
The Xk register contains the absolute address of the library routine 
entrance. The return address is entered in the X] register by this 
instruction for use by the library routine on completion. 



& 



% 



The program reference flag PRF is cleared by this instruction so that 
the reside, l.trary routine coae can be executed directly from the 
resident locations. All instructions with the exception of the ten 
data storage reference instructions are executed in absolute mode. 



£*Y instruction address stack IAS Is cleared to avoid possible 

nflicts between the old object program code which is relative 
and tt a l.i'ir :ry r out ine addresses which are absolute. 



( 



to RA 



ISSUE CONDITIONS 



XJ register is free one clock period after instruction issue 
Xk register is free one cloch period after instruction issue 
X register Incut path is free three clock periods after issue 



«* 



EXECUTION Ttmimg 



<*» 



( ) 



Minimum execution time for this instruction is Id clock periods. 
Oelays may occur in the arrival of 1he new instruction word at the 
processor :wS due to storage bank conflicts or otner processor 
conflicts in storage access control. 



«■» 



ft- 



EXECUTION ttmtnp (continued) 



I 0323 ] a 
I ] 
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CPOQ 
CPQi 



CP02 

cpo:j 



I * 



CPOt 

CP05 

CPOb 
1 



CT<C 
• 4.V 



CP16 
CP17 



4 \ 



Instruction Issues from IPr 

Transmit zeros to operand register A 
Transmit XK to operand register 3 
"ieir proar.aA,..reference flag P$F- •—-- 
Clear Instruction address stack IAS 

Integer add front half 

Transmit P to operand register A 

T n togn r add bacK naJ f 

Transmit operand register A to XI reoist 
Transmit integer sum to p register 
Transmit integer sum to RA adder 
Tra-ismit reference flag to SA module 

Lower a bits of address to SA module 

Uooer 12 pits of address to SA module 

Acknowledge from SA module 

AftbTruction word arrives at IWS 
Read IWS to CIW register 
Read CIW to IPT 



er 



Or 

c 



1 » H f ! 



K'r 



I UJ3JJJK* I subroutine exitt computed Jump to (Xj) ♦ k 



P 
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This instruction terminates the current program sequence and initiates a 
new sequenr?. The P register is cleared and entered with the integer sum 
of th<» content of the X register indicated dy the J designator and the 
value of the K designator considered as a <+-bit positive integer. No 
furthpr instructions are issued from the current instruction word. If the 
instruction address stack IAS contains an address equal to the new content 
of the P register* the corresponding instruction word is read to the cur- 
rent Instruction word register CIM. If there is no address coincidence in 
the IAS an instruction fetch is initiated for the new program sequence. 

This instruction is intended for use by a subroutine in returning to a 
calling program. It nay also be used as a normal unconditional Jump to a 
computed destination. The K designator is added to the content of the 
X register to orovide a convenient vehicle for passing over error exit 
instructions wnen a subroutine is returning to a calling program. 



fXUE C0NOITI0NS 

X) regiaittp i* free one clock period after instruction issues 



EXECUTION TIMING 

Exccu.iw,, ; *n,v. for this instruction is seven clock periods if the 
destination address is currently in the instruction address stack IAS. 
Minimum execution time is 20 clock periods if the destination address 
is not in t.ie IAS. Delays may occur in this latter case due to stor- 
age bank conflicts or other processor conflicts in storage access 
control. 



i ) 
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txECUTION TIMING (continued) 

•ACK 



A 

9* ,<ANCH IN STj 
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CPOO 




CPQ1 


W 




— —— 


~CPQ2 


P 




• 


CPQ3 


9 






CPOV 


9 


CP05 




CPOi 



1 



Instruction issues from IPT 

Transmit X] to operand register A 
Transmit h to operand register B 

Integer add front half 

Integer add back half 

Transmit integer sum to P register 

Coincidence in IAS 

Read IWS to CIH register 

Read CIW register to IPT 






t BRANCH 
CPO'J 



■ CPOi 



CP02 
• CP03 

i CPQ<» 

CPOb 

CP06 
CPO? 

r°nr 

CP17 

- i ►> 1 u 



OUT OF STACK 

Instruction issues from IPT 

Transmit XJ to operand register A 
transmit k to operand register B 

Integer add front half 

Integer add back half 

Transmit integer sum to P register 

No coincidence in IAS 
Set out of stack flag OSF 

Transmit P to IFA register 

Transmit P to RA adder 

T. an^m* t reference flag to storage access control 

Lower 3 bits of address to storage access control 

Upper 12 bits of address to storage access control 

'n K.'cdge from storage access control 
Instruction word arrives at IWS 
'N-'Jd IWS to CIH register 
" ^ " T 'f register to IPT 
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j I DJ31JJKK I Library routine exit to (XJ) * K [set/clear PRFJ I 0331 ] 

— ---------_■., _ t 3 

?) i! V''- £ (30) 1 
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This instruction sets or clears the program reference flag PRF. Bit 62 of 
(XJ) causes the PRF to be set if it is a "1" or cleared if it is a "0". 

The P register' is cleared and entered with the integer sum of the contents 
of tho XJ rejister and the value of the K designator considered as a «*-bit 
positive iinejer 4 . The instruction address stack (IAS) is cleared so that 
all address registers contain dibits 3333333333. No further instructions 
are issued from the current instruction word. Any instruction fetches in 
process are discarded on arrival. A new instruction fetch is initiated 

for the relative address now contained in the P register. 

• f ■ 

Thii iniirvi^iiuii is intended for use by .a library routine outside of the 
object program field. The XJ register contains the return address of the 
calling object program relative to the object program reference address RA. 
The K designator is added to the object program return address to provide 
a convenient vehicle for passing over error exit branch instructions which 
may be encoded in the object program following the library routine calling 
inctrL;f:c ,. . c, ious error exits in the library routine may use different 
h values to select the various error exit branch instructions 

The prograf, re>'eience flag PRF is set by this instruction so that all fu- 
jT^e instruction fetches will be relative to RA. The instruction address 
i ack IAS Is cleared to avoid possible conflicts between the old library 
roLtir. ? tj 1 ::.c- which are absolute t and the new object program addresses 
which are relative. 



ISSUE CONDITIONS 

XJ register is free one clock period after instruction issue 

EXECUTION TIMING 

Mininu-' ox -cation time for this instruction is 18 clock periods. 
Delays may occur in the arrival of the new instruction word at the 
processor IW3 due to storage bank conflicts or other processor 
ccnfli:*s \n storage access control. 



4 



\ 



J> 



^/^r.C-rlGN 1IM-NU (COOti 



nued) 



[ 0331 ] * 
C ] 
C (30) ] 
• 



CP00 Instruction issues from 1PT 

CPQi Vransmit XJ to operand register A 
Transmit K to operand register B 
Set PRF to bit 62 of XJ 

— ::ur ias 



CP02 Integer add front half 

CP03 Integer add bacK half 

Transmit integer sun to P register 

r r c. '.;.-. i t integer sum to RA adder 

Transmit reference flag to storage access control 

CPO » '.ohit 8 bits of address to storage access control 
Add RA to integer sum 



i ( 



ft 
ft 
ft 



ft 



rpo- ••--!" 12 bite of address to storage access control ® 

CP06 Acknowledge from storage access control 



; -«*CP1!> Instruction word arrives at IWS 
I ' r.Pif. <-'**-< >WS to CIW register 
CP17 Read CIW register to IPT 



© 



o 
o 
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c 



I 0JJ2JJKK I KKKKKkKK I Jump to K 

p- ----- " 



C 0322 ] 
C 1 
[ (3E) 1 



This instrjcrion causes the current program address sequence to uncondit- 
ionally branch to a new program address sequence beginning at the address 
SDecified by the value of the K field from the instruction. No further 
lnctru-t.c .- r.. z issued from the current instruction word. If the 
instruction address stack IAS contains an address equal to the new 
content of the P register* the corresoond ing instruction word is read 
to the currtnt instruction word register CIW. If there is no address 
coincidence in the IAS an instruction fetch is initiated for the new 
program sequence* 



ISSUE CQNDI T I0\'S 



EXECUTION TIMING 



fS 



Execution time for this instruction is seven clock oeriods if the 
destination address is currently in the instruction address stack IAS 
Minimum pkcu* i on _t_ime is 20 clock periods if the destination address 
is not in the IAS. 'belays may occur in this latter case due to stor- 
age bank conflicts or other processor conflicts in storage access 
cortrol. 



; . -4 i j.niio Icon t inued) 



**£"V N - H in l,rAl,K 



GP03 
CPQ1 

CP02 
CP03 

CPO'* 
?P0 " 
CP06 



Li*. ruction issues from IPr 

Transmit zeros to operand register A 
Transmit K to operand register B 

Integer add front naif 

Integer add back half 

Transmit integer sura to P register 

Coincidence in IAS 

"..ii I..'S to CIH register 

Read CIW register to IPT 



£ 0332 ] 

C 1 
I (3E) 3 



» BftANCf' 
CP00 

rZPQl. 

| CP02 
\' CP03 

i 

i CPOfc 

r CP05 

I 

CP06 

CP07 

cpoa 

CPU 

CPid 
, 0PI9 



OUT ? c .TV.CK 

Instruction issues from IPT 

Transmit zeros to operand register A 
Transmit K to operand register B 

Integer add front half 

Integer add back half 

Transmit integer sum to P register 

Mr P' irrjdence in IAS 
Set out of stack f lag OSF 

Tranr.mit P to IFA register 

Transmit P to RA adder 

Transmit reference flag to storage access control 

Lower 8 bits of address to storage access control 

tinker 12 bits of address to storage access control 

Acknowledge from storage access control 

instruction word arrives at IWS 

Read IWS to CIW register 

Read CIM register to IPT 



© 

o 
o 
<§> 
o 



o 



( u33. 



5xxxx I Exchange Exit 
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This instruction causes the current program sequence to terminate with an 
exchange Ju.;ip so address (XA) which is the aDsolute address of an exchange 
pac«aje. The lowest order 5 bits have been removed from (XA) because 
exchange packages reside in low storage addresses at address multiples 
of 3Z, 

The J and k designators in this instruction are ignored. The program 
addre.;s slued in the exchange package in the terminating exchange Jump is 
advanced one cojnt from the address of the current instruction word. This 
is true no matter which parcel of the current instruction word contains 
the e..ch3r.^_ «*: , instruction. 
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« , iJ^nJjnn I Save lower (XJ) for n bits [ 1QQX ] <» 

^ C <<»0) 3 



* 



# 



This inst'tctior, reads a b^-bit operand from the XJ register, forms a masK 
7 (l's in the lower n bits, O's in the joper oits), and performs a bit-by-bit 

logical product of (XJ) and the masK. The result is entered in the XJ 
-js«3is*er. *. u^r.pje Hjf fhe-instruction operation is listed below in binary 
i? notation, ' 

Sample r, = QOOiQO ( n j 

9 

masK = 0000 , 0000 mi 

6 l, -' ! * '.:<]: operand = 1011 1010 noi 

9 ------—----—---.--_.... «, 

6^-bit (XJ) result = 0000 0000 noi 

) 

ISSUE CONDITIONS 



CP2 



NOTES 



Enter logical product of (A) and (D) In XJ 



<3> 



© 



» ^ XJ register is free one clock period after instruction issues © 

| ^ X register input path is free two clock periods after issue 

i 
- "i 

EXECUTION TIMING 



o 



! CP0 Instruction issues from IPT Q 

Transmit J and n designators to register modules 
■ S'*- X' reservation flag 

!' ® 

CPi Read (XJ) to operand register A 

Entor l's In lower n bits of operand register 
! Clear XJ reservation flag ® 



© 



O 

o 

Q 



Lpi'Jlrjjnn I Plonk lower (XJ) for n bits 



P 



{ 101X 3 
£ 3 
[ (<*<*) ] 



This instruction reads a 6<*-bit operand from the XJ register, forms a mask 
(i's in the "'lower n bits, O's in the jpper bits), complements the mask, and 
performs a t>it-by-bit logical product of (Xj) and the complemented mask. 
The result is entered in the XJ register. A sample of the instruction 
operation is listed below in binary notation. 



Sample: I6<t bits) 
n = 111100 



[<• 



n 



•>] 



mask = 00 



1111 1111 1111 



comDlpmented mask 
(XJ) initial 



f 



1111 0000 0000 0000 

1011 1100 1010 1101 



(XJ) terminal = 1011 



0000 0000 0000 



issue cund;iions 

* XJ register is free one 

X rogisur input path is free two clock periods after issue 

EXECUTION TIMING 



CP0 Instruction issues from IPT 

Transmit J and n designators to register modules 
ju a j reservation flag 

CP1 Read (XJ) to operand register A 

Efifor 1*5 in lower n Pits of operand register 8 
Cfear XJ reservation flag 



:P2 



.-.jicol product of (A) and (B) complement in XJ 



NOTES 



■9 I U2njjnn I Left shift (xj) by n bits (circular) [ 102X ] 
t ] 

o 

» l h riL l n Vr' f V'T r ? ad f a 6 *"" 1 ' operand from the XJ register, shifts the 
9 ^erand I e t circular I y by n oit positions, and writes the word back into 

the X rejister. n is a 6-bit positive integer operand with the 2-bit 
v 4- d e ?l ^ na " r ■"'■* ^ne upper 2..bits and the k designator as the lower <♦ bits. 
9 In the example below, the n designator is 00010Q. 

Samp'p (f<» bits)! (XJ) operand = lOliQOUO 00000000 

7 tXJ) result = 00000000 00001011 

5 ♦£A! e I!/ irf :! , ? r f hUt °P erati °n« each bit shifted off the upper end of 
J the 6^-bit word is inserted in the lowest order bit position. 




ISSUE CONDITIONS 



fl X. register is free one clock period after issue 

X register input path Is free three cIock periods after issue 



i 



EXECUTION TIMING 

Nc execution delays possible after this instruction issues from IPT 

CP0 Instruction issues from IPT 
■jot xj reservation flag 

CP1 Road (XJ) to operand register A 
Clear X) reservation flag 

CP2 Begin operona shift 

CPJ Complete operand shift 
Transmit operand to XJ 



NOTES 



<t ♦ 



: ' .' count is O this instruction 



i ♦ - jri ro ' ! ds the operand from reg- 

ister XJ and returns il unaltered to register XJ. The timing for tnis 
case i r , the ;.anc «is for trie gene-al case. 

2. If Inv on.'r-.nJ pits ,.r P a I ! l's or all 0's 'they are treated Jn the 
j j iiinoiwiniT «i any other Pit paftern and the ti.-ninj is the ^tih as 
• ° '" " ' r ct I c d 5. e . 



O 
C: 

(5 



*' 



6 



I 103n])nn i Right shift (XJ) by n bits (with sign extension) 



P 



I 103X 1 
t ] 
C UC) 1 



This instruction causes the shift unit to read a 6**-bit operand from the XJ 
register to operand register A» shift the operand right with sign extension 
by n bit positions^ and write the word back into the XJ register, n is a 6- 
bi t positive integer operand with the 2-bit i designator as the upper 2 bits 
snz, -ft.?~rc "uui y^a i or as the lower k bits. In the sample ooerations below 
the n designators are iilOiO and 000011 binary. 



Samp i c »ut L>i ts) i 
n = 111010 



Sample (&<♦ bits) : 

n - 30:0!1 



(XJ) operand. 
(XJ) result 



(XJ ) operand 
(XJ) result 



01000000 ooooom 

00000000 00010000 

11000000 00100010 

11111000 00000100 



f-*c 



h bit shifted off the lower end of the b^-bit word is discarded and the 
( !«hest order bit is replaced with a copy of the original operand sign bit. 

This instruction is used whenever a data word is to be shifted right with 
sign extension by a predetermined number of places. If the shift count is 
derived in the execution of a program, instruction 0012 or 0013 should be 
used. 



issue noNn~TT r> 

XJ register is free one clock period after instruction issues 
X register input path is free three clock periods after issue 

EXECUTION TIMING 

No execution delays possible after this instruction issJes from IPT 

GP0 Instruction issuer from IPT 
Set XJ reservation flag 

CP1 Rt?ad (XJ) to operand register A 
olear XJ reservation flag 

CPP. rieqln operand shift 

CPS tiompl* It? ovnr'Mil shift 

Tr. in mii it operand f o X) 



o 



NOTES 



& J HiiJjKK I KKKKHKKK I Integer sum of (XJ) plus K to Xi 



*P 



) 



I 11XX J 
I 3 

I <5x) J 



Jrom thfl? Ctl °? !° rmS thS l '* C0 ^ ,ement sum of the 6<-bit operand read 
f I s n^dln t^ I?' int6 r r SDecified >V sign extended K. The 

f result is entered in the Xi register. An overflow condition is ignored. 



.,->*' -^< .J-i». -.,^*%t* tf - l f,.*. 



ISSUE CONDITIONS 

r 

■Jf n^f*^ f S ! Pee ° ne C ' 0CK Peri0d 3fter instruction issues 

XJ register is free one clock period after instruction issues 

» X i^.ier input pdtr. is free three cIock periods after issue 

> EXECU ION \ xMING 

No execution delays possible after this instruction issues from I 



PT 



P 



CPO Instruction issues from IPT 

Transmit J and k designators to register modules 
Se Xi reservation flag 

CP1 Enter (XJ ) in operand register A 
E.. :r K in operand register B 

CP2 Perform add operation 

CU-ar'Xi reservation flag 

CPJ Enter result in XL 



NOTES 



( ) 



I 12U11KK I Integer sum of (XJ) plus (Xk) to Xi 



P 



[ 


12XX 


] 


[ 




] 


I 


<6x) 


3 



This instruction forms a 6<t-bit l's complement sum of the operands read 
from the X) and Xk registers and enters the result in the Xi register. 
The operands are assumed to be signed integers. An overflow condition 
is ignored. 

" Thi 5 instruction Is intended for the addition of integers and is also 
useful in merging and comparing data fields during data processing. 






ISSUE CONDITIONS 



Xi 
XJ 
XK 



register 
register 
regi s . er 



is 
is 
is 



free one clock period after instruction issues 
free one clock period after instruction issues 
free one clock period after instruction issues 



register input path is free three clock periods after issue 



EXECUTION TIMING 

No execution relays possible after this instruction issues from IPT 

" CPO Instruction issues from IPT 

1:.r.z...i: 1, J and k designators to register modules 
Set Xi reservation flag 

CP1 E.iier (XJ) in operand register A 
Eater (Xk) in operand register B 

CP? P— *-">'■»> Tdd operation 

Clear Xi reservation flag 

CPJ . Enter resul t in Xi 



N0T£S 



1. If the J and k designators have the same value, the designated 6<f-bit 
?per.™j ;s added to itself and the resulting sum entered in the Xi 
register* 

2 » If th " » designator has the same value as the j designator or the 
H. designator, tnis instruction oecomes «a replace add instruction, 
fhe initial (Xi) is ddded to the other ooerana and the result then 
storr-n tt'c'ch, in the Xi register. 



\ 



a » iJiiJJKK I Integer difference of (Xj> minus (Xk) to XI 



I 13XX ] 
t ] 
t (7x) J 



O 



9 



This instruction forms the 6^-bit i's 
road from the Xj and Xk registers and 
in the Xi register. 



complement difference of the operands 

Tl enters the result of (XJ) minus (XK) 

nu „ fUa _ I-*- , operands are assumed to be signed integers. An 
overflow condition is ignored. »■•«!• 



J*~TIT rs""! nstruction 



is Intended" for subtraction of integers and is also useful 
in comparing data fields during data processing. useful 



a 



O 



ISSUE CONDITIONS 

Xi register is free one clock 
Xj register is free one clock 
Xk register is free one clock 
X register input path Is free 



EXECUTION TIMING 



after 
af ter 
after 
three 



instruction 
instruction 
instruction 



issues 
issues 
issues 



clock periods after issue 



P 



No execu.ion delays possible after this instruction issues from IPT 

CPG Instruction issues from IPT 

T.a..smi, i, j and k designators to register modules 
Set Xi reservation flag 

CPJ. ..En; er (X) ) in operand register A 

Complement (Xk) and enter in operand register a 

CPc P_. ,'u, m odd operation 

Clear Xi reservation flag 

CP3 Enier result in Xi 



© 

Q 
Q 
& 
© 

G 



NOTES 
1. 



o 



If f„ J 

operand 
en tered 



and k designators have the same value, the designated 64-bit 
is subtracted from itself. The result is a positive zero 



in the Xi register. 



2. If the i designator 



has the 



, , t same va 'ue as the J designator or the 

! h e ?!;;? , ! P ' If 1 ? instruction becomes a rep, ace subtract instructs 

is U^lil^ 1 ],:^^^™:::"*' and the - ult ^ difference 



O 

o 
o 
o 
o 
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I 2Q1UJKK I Floating sum of {XJ) plus (Xk) to Xi 



f> 



[ 20XX ] 


<* 


( ] 




I (8x) ] 


^ 



ThJs »nstr«"-ti -n forms the double precision sum of two floating point 
operands rejd from the XJ and XK registers and enters the normalized 
single: precision upper half of the resJlt in the Xi register. 

The operands are not rounded in this operation and may or may not be 

normalized. They are unpacked from floating point format and the exponents 

compared. The coefficient with the smaller exponent is shifted down by 

the difference o' the exponents so as to align bits of corresponding 

si gni I icanccf and a 97-bit adder forms a double precision l"s complement 

sum. A '♦tt-bit result coefficient is read from the upper half of this 

sum. 

If an overflow of the highest order coefficient bit occurs during 

the addition process, the result coefficient is displaced one bit and 

the result exponent is corrected by one count. The upper half result 
entered in the Xi register is normalized. 

This instruction is intended for use in floating point calculations 
Hhere rounding of operands is not desired. This is the case in multiple 
precision arithmetic and in calculation involving error analysis. 



C 



ISSUE CONDITIONS 

Xi register is free one clocK period after instruction issues 

XJ register is free one clock period after instruction issues 

XK register is free one clocK period after instruction issues 
X regis. ^.. input path is free eight clocK periods after issue 

EXECUTION riMING 

No execution delays possible after this instruction issues from IPT 



•^ 



■m 



t > 



p 



£ 2QXX ] 
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J EXECUTION TIMING (continued) 



? CPO 






> 



CPt 



CP2 
CPJ 



GPf 

CP5 

» /"I CP6 



P 



i ' 



CP7 
CP6 



Instruction issues from IPT 

Tr a rs»it i. i and k designators to register modules 

Set Xj reservation flag 

Peat* (XJ) to floating add module FA 

Reac (Xk) to floating add module FA 

Compare exponents 

Transmit coefficients to pre-add shift register 

Select smaller exponent 

Snift coefficients for bit alignment 
Transmit coefficients to 97-bit adder 

t-urm double precision sum 

Transmit OP sum to bit position network 

Determine significant bit position 
Transmit result to shift network 

Perform 96-bit normalize shift 
Clear XJ reservation flag 

Enter upper half of result in Xi 



i ^ 



e 



£ 1 i i ) j kk I Floating difference of (XJ) minus (Xk) to Xi 



P 



C 21XX ] 
[ ] 
I (9x) ] 



This instruction forms the floating point difference of two floating point 
opcrards rz 1 rr.m the X] and Xk registers and enters the normalized result 
of (X]) minus (Xk) in the Xi register. The result entered in Xi is the 
upper half of a double precision number. 

The operands are not rounded in this operation and may or may not be 
normalized. (Xk) is complemented. (XJ) and the complemented (Xk) are 
unpacked fT-n * (rating point format. The exponents are compared and the 
coefficient with the smaller exponent is shifted down by the difference of 
the exDonents so as to align bits of corresponding significance. A 97-bit 
adder then 'or -s a double precision l*s complement sum and a <*8-bit result 
coefficient is read from the upper half -of this sum into the Xi register 
together with the result exponent. 

If an overflow of the highest order coefficient bit occurs during the 
addition p^ocesst the result coefficient is displaced one bit and the 
result exponent is corrected by one cojnt. 

This instruction is intended for use in floating point calculations where 

of oo^ar-ds is not desired. This is the case in multiple precision 
<;nd in calculation involving error analysis. 



rounding 
ar i the et ic 



c 



Sr 1 r- 



OUIIJ1 I i. Ull.} 



Xi register is free one clock period after instruction issues 
XJ register is free one clock period after instruction issues 
Xk register is free one clock period after instruction issues 
X register input path is free eight clock periods after issue 

EXECUTION TIMING 

NO eXec j ; ioi telays ; passible after this instruction issues from IPT 



i 



3 



7 EXECUTION TIMING (continued) 



» 



CPO 



CPi 



CP^ 



f*\ 



CP* 
CP5 

CPi) 

CP/ 

CP<> 



Instruction issues from IPT 

Transnit i, J and K designators to register modules 

<--♦ yi rpvTV.tion flag 

Read (XJ ) to floating add module FA 

?vac' complement of (XK) to floating add module FA 

Compare exponents 

Transmit coefficients to pre-add shift register 

Select smaller exponent 

S K ift coefficients for bit alignment 
Transmit coefficients to 97-bit adder 

p^pit double precision sum 

Transmit DP sum to bit position networh 

Determine significant bit position 
Transmit result to shift netrtorK 

Perform 96-bit normalize shift 
Clear XJ reservation flag 

Enter upper half of result in Xi 



O 



n 






& 



I ddil\\k>\ I Floating product of (XJ) times (XK) to Xi 



P 



i 22XX J 

C ] 
( (Ax) } 



This instruction multiplies two normalized floating point operands read 
from + he XJ and Xk registers and enters the result in the Xi register. 
The result entered in Xi is tne upper half of a double precision product. 



The tno oppran-is are unpacked from floating point format (the operands are 
not rounded). The exponents are added to determine the exponent for 
resul t. 



the 



The coefficients are multiplied as signed integers to form a 95-bit double 
precision integer product. The upper half of this product Is then extract- 
ed to form *hc? t«A-bIt coefficient for the result. If the double precision 
product has only 95 significant bits, a '1-bit normalizing shift is perform- 
ed before extracting the upper half, and the exponent for the result Is 
corrected bv one count. 

This instruction is intended for use in single and multiple precision float- 
ing point calculations. Used together with the 012 instruction, this 
instruction forms a 95-bit double precision product in two X registers with 
no loss of precision. 






SUE CONDITIONS 

Xi register is free one clock period after instruction issues 
XJ register is free one clocK period after instruction issues 
XK register is free one clock period after instruction issues 
X register input path is free eight clock periods after issue 

tXECUTION TIMING 

No execjuon oelays possible after this instruction issues from IPT 
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EXECUTION TIMING (continued) 






o 



CPO 
CP1 

cp: 
cpj 

CP<* 

CP r > 

CP '» 



Instruction issues from IPT 

Transmit i f J and k designators to register modules 

Transmit (XJ) and UK) to floating multiply module MA 

°-rf >~ t sign corrections 

Separate exponents from coefficients 

r jrfli first 16x^8 product 

Form second I6x<*d product 

Form third 16x*»8 product 

M>rg.. rhe three 16x^8 products into 96-bit result register 

Fnte- "oper <»8 bits in XI 



I ) 



O 

o 
o 

o 



I 2 J i i J J kk I (ir< 



ranch bacKward i words if (XJ) < (XK) 



[ 23XX ] 
[ 1 
C (Bx) 1 






This instruction causes the current program sequence to terminate and 

branch backward the number of words specified by the i designator if 

UP «ln« UK? IS negative, or continue the current program address 
sequence if (XJ) minus (Xk> is zero or positive. 

if The Dfd,.n uo„oitiun -IXJ1 < CXk) is satisfied, the dif f erence of 
the curren contents of the P register and the i designator considered 

V positive integer becomes the new contents of the P register. 
No further instructions are issued from the current instruction word. 
If the instruction address stack IAS contains an address equal to the 

new contents of the P register, the corresponding ^t™^ . Ys°no 

.t i ,'♦ 'irtlcn word register CIH. it mere ib nu 

E£.« coincide Irih"^" S^ns.^ction .etch is initiate, tor 
the new program sequence. 

ISSUE CONDITIONS 

XI register is free one clock period after instruction issues 
Xk register is free one clock period after instruction issues 



C 



_CU r I0N TIMING 




If 'X]) 
periods. 



f V K V 



(branch fall through), execution time is three clock 



BRANCH FALL THROUGH 



OPT) 
CP01 

CP02 

CP03 



r n c true t ion Issues from IPT 

Transmit (XJ) to operand register A 
Transmit (XK) to operand register B 

Begin integer add 

Hrrnch condition not satisfied 

N"xt instruction nay issue 



i ) 



n 

V-.ANCH IN STACK 



J EXECUTION TIMING (continued) 

3 
} 

> 
) 



CPOO 
CP01 

cpo? 



Instruction issues from IPT 

T.-at.snit (XJ ) to operand register A 
Transmit (XK) to operand register B 

T^t^ir- ?ih fr cn f half _ ...... 

Branch condition satisfied 



cpch 

CPQ'i 
CP05 
CPO* 



S>le~t P - i input to P register 

Coincidence in IAS 

Read IHS to CIW register 

R°ad CIW register to IPT 



> 



.) 



BRANCH OUT OF STACK 

CPOO T nst~u-tion issues from IPT 



[ 


23XX 


] 


I 




3 


c 


(Ox) 


3 



) k^ZPQ.i. Transmit (Xj) to operand register A 

" Transmit (Xk) to operand register 8 

» CP02 Integer add front half 

Branch condition satisfied 

CPOo Select P - i input to P register 

oPuh hu coincidence in IAS 

Set out of stack 'flag OSF 

CPQl • Transnit P to IF A register 
Transmit P to RA adder 
Transmit reference flag to storage access control 

CP06 Loner 8 bits of aadress to storage access control 

CPO? ,, .)(!i \Z bits of address to storage access contro 

CP08 'ci^now I edge from storage access control 

CPIT Instruction word arrives at IHS 

CPU' ,,jd ii.S to CIW rcyisler 

( }P19 ioad CIW register to IPT 



O 

o 



c 



oUiljjKK I KhKhMKkK | Read data at address <XJ) + K to 



XI 



% f) 



C 30XX ] 
£ 1 
[ (Cx) J 



This inst'M'ot'o- reads a word of data from the 
field and enters that word in the XI register, 
determined by adding the sum of (XJ) and the K 
to the obi net program reference address. This 
a twos complement mode. 



object program storage 

The storage address is 
field from the instruction 
arithmetic is performed in 



1 f ?n kV ! S m3dG tod ^t e rmine if the, value of (XJ) ♦ « considered 
as a 20-bit positive integer is equal to, or greater than, the current 
ob ject program field length. If this is the case, the od e p Js 

word ZV"* bY ; etUn ? the dat * fie,d «l»it flag in the exchange parameter 
word and in exchange jump is made to the exchange address XA. 



ISSUE CONDITIONS 

XI register is free one clock period after instruction issues 
XJ register is free one clocK period after instruction issues 
A storage access butter is available for this processor 

EXECUTION TIMING 

Minimum execution time for this instruction is 15 clocK periods. 
r^ Delays may occur in the arrival of the data word at the X regist 
due to storage banK conflicts or other processor conflicts in 
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storage access control. 
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Instruction issues from IPT 

Transmit (XJ) to operand register A 
Transmit K to operand register B 

Integer add front half 

Integer add back half 

Transmit integer sum to RA adder in IH module 

Transmit reference flag to SA module 

Lower 8 bits of address arrive at SAC 

'Jo' >et 12 bits of address arrive at SAC 

Acknowledge from SAC 

Ua1a word arrives at the X register 
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CPJ1 transmit <XJ) to operand register A 
Transmit (Xh) to operand register B 

CP -- ""tjcr add front half 
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This instruction forms an absolute address by adding the address indicated 
by the sun of (XJ) and sign extended K to memory reference address RA from 
th»j prO(.B JJU c exthangs package, and writes one word from the Xi register 
into memory at that absolute address. 

If the meuory field length FL is exceeded, the memory reference is aborted 

and ai exchange Jump is made to the error exit address EEA in the processor 

exchange package. If a parity error occurs in reading the old data at the 

ir.Jic-ivJ ,„....,.,., , awJiiij, the error is ignored and the processor operation 
continues in a normal manner. 

This Lnstru-tion allows a processor to write data into memory from any X 
regisrer. 
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Xi register is free one clock period after instruction issues 
X] register is free one clock period after instruction issues 
Xk rr>j> ■-*■ • . free one clock period after instruction issues 
A storage access buffer is available for this processor 



EXECUTION TIMIWG 

No ex^c" 11 " 'elf*ys possible after this instruction issues from IPT 
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I* 1 * instruc !'?: J orms an absolute address by adding the address indicated 
by the sj.ti of (Xj) and (XK) to memory reference address RA from the 
processor exchange package, and writes one ward from the Xi register into 
memory at tha* absolute aadress. 

If the memory field length FL is exceeded the memory reference is aborted 
and an exchanoe lump is made to the error exit address EEA in the processor 
exchange picwaye. If a parity error occurs in reading the old data at the 
indicated memory address, the error is ignored and the processor operation 
continues in a normal manner. 

roister*' UCti ° n a "° WS a processor *° "rite data into memory from any X 
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free one clock period after instruction issues 
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storage access buffer is available for this processor 
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X register data words 

* register specific by i designator 
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* renter specified by storage readout 
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Exchange parameter word 
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